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^  •••with  this  dependable,  portable 

Western  Electric 

Sound  Level  Meter 


This  instrument — available  in  a*c  line  or  battery  operated 
models — is  small  and  light,  simple  to  operate,  ruggedly 
built,  adaptable  to  many  noise  measuring  problems.  And  it's 
modestly  priced! 

The  Western  Electric  Sound  Level  Meter  has  built-in 
calibration  circuits  to  permit  rapid,  accurate  adjustment  to 
A.S.A.  standard  reference  levels.  Negative  feedback  in  the 
amplifier  contributes  to  utmost  stability. 

The  frequency  range  of  this  meter  is  20  to  10,000  cps.  It 
can  be  used  alone — or  in  conjunction  with  an  associated  Filter 
Set  which  enables  the  meter  to  measure  sound  in  selected 
frequency  bands  between  50  and  4800  cycles# ' 

Send  the  coupon  at  right  or  call  your  Graybar  Representa¬ 
tive  for  full  information. 


DISTRIBUTORS :  m  the  n.  s.  a. 

—Graybar  Electric  Company. 
IN  CANADA  AND  NEWFOUNNAND — 
Northern  Electric  Company,  Ltd. 


Graybar  Electric  Company  E-30 

420  Lexington  Ave.,  New  York  17,  N.  Y. 

Plecue  send  me  Bulletin  T'2260B  describing 
Western  Electric  Sound  Level  Meters  and  Noise 
Analyzers. 


Company. 


\\ 
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Anyone  can  make  accurate 

SOUND  lEVa  TESTS .. .  i  ! 


BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 
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UI  PUiPOSE  HI-TEMP 
SEkUmn*  TUBULARS 


Sealdtite  Capacitors,  the  molded  tubu¬ 
lars  first  pioneered  by  Solar  in  1939,  are 
now  truly  all-purpose  capacitors.  The 
recent  introduction  of  a  new  Hi-Temp 
molded  jacket  makes  Sealdtite  Capac¬ 
itors  a  universal  choice  for  both  auto¬ 
mobile  and  home  radio  applications. 

More  than  a  year’s  field  trials  of  well 
over  5,000,000  Hi-Temp  molded  Seald- 
tites  in  automobile  and  export  receiver 
applications  have  proven  the  superior 
quality  of  this  latest  Solar  development 
in  the  capacitor  art. 

Securely  sealed  against  atmospheric 
moisture  by  a  tough  molded  armor, 
Sealdtite  Capacitors  maintain  their  ex¬ 
ceptionally  high  insulation  resistance 
throughout  their  extremely  long  life. 
Unlike  conventional  tubulars,  Sealdtites 
have  no  cardboard  tubes  to  grow  soggy, 
or  internal  voids  to  collect  moisture. 

Hi-Temp  Sealdtite  Capacitors  have  at¬ 
tractive  labels  in  bold,  easy-to-read  type. 
Their  smooth  surface  attracts  no  dust 
and  drips  no  wax. 

Hi-Temp  Sealdtite  tubulars  are  avail¬ 
able  with  either  Halowax-impregnated 
or  mineral-oil  impregnated  sections  to 
fit  your  application  requirements. 
Eleven  mold  sizes  make  for  maximum 
space  economy.  Complete  dimensions 
for  standard  ratings  are  given  in  Catalog 
Bulletin  SPD-200. 

All-purpose  Sealdtite  Capacitors  are 
available  for  prompt  delivery  at  no  in¬ 
crease  in  price. 

Investigate  today! 

Solar  Manufacturing  Corporation, 
1445  Hudson  Blvd.,  North  Bergen,  N.  J. 

i(  Trade  Mark 


SOLAR  CAPACITORS 

"Quality  Above  All" 


Buyers’  Guide  Issue  idea  hinted 
at  on  p  69,  February,  has  now 
jelled.  We  are  going  to  include  a 
special  editorial  section  giving  the 
electrical,  mechanical  and  other 
characteristics  of  materials  im¬ 
portant  to  designers  of  electronic 
equipment  and  the  components  used 
in  such  gear. 

Included  will  be  such  things  as 
insulating  materials,  plasties,  ce¬ 
ramics,  glass,  metals,  magnetic  ma¬ 
terials,  chemicals,  gases,  radioac¬ 
tive  materials,  crystals,  acoustic 
materials,  and  finishes. 

The  special  issue  will  reach  read¬ 
ers  around  the  middle  of  June, 
between  the  times  they  receive  the 
regular  June  and  July  numbers. 

Take  A  Piece  Of  Paper,  sand¬ 
wich  it  between  a  thin  sheet  of 
Lucite  and  a  similar  sheet  of  cellu¬ 
loid.  Place  sandwich  on  insulated 
surface  and  rub  hard  with  dry 
cloth.  Flip  sandwich  over. 

Remove  top  sheet.  Dip  small, 
pointed  artist’s  brush  in  noncon¬ 
ducting  dye.  Hold  tip  of  brush 
an  inch  above  paper  and  write  in 
the  air.  You  will  find  that  static 
electricity  attracts  the  dye  to  the 
paper  in  a  fine  spray  and  that 
what  you  have  written  in  the  air 
appears  on  the  paper,  much  as  if 
it  had  been  written  with  a  pen. 

Here’s  a  principle  that  appears 
to  have  many  important  applica¬ 
tions,  particularly  in  the  publish¬ 
ing  and  textile  industries.  We’re 
on  top  of  it,  watching  completion 
of  a  demonstration  machine  and 
awaiting  erection  of  a  pilot  plant. 
W’hen  these  are  ready  there’ll  be 
technical  details  in  our  feature 
pages,  probably  sometime  this 
summer. 

Tea  Would  Taste  Better  in  res¬ 
taurants  if  the  water  used  to  make 
it  was  brought  to  precisely  the 
right  temperature  during  prepara¬ 
tion.  But  it  is  hard  to  maintain 
water  at  this  temperature  with 
existing  equipment. 

The  Tea  Association  thinks  the 
problem  might  be  solved  by  de¬ 
signing  10  or  15-cup  commercial 
units  employing  electronic  heating 


to  bring  water  up  to  the  proper 
temperature  in  a  matter  of  sec¬ 
onds.  We  ourselves  suspect  that 
electrical  rather  than  electronic 
heating  might  provide  the  answer, 
but  if  any  of  you  out  there  feel 
differently  and  want  to  take  a  fling 
at  thie  job,  write  committee  chair¬ 
man  George  N.  Wicc  at  the  Na¬ 
tional  Urn  Bfig  Company,  3408 
Narthern  Boulevard,  Long  Island 
City  1,  N.  Y. 


FCC  Licenses, 

at  the 

end  of 

1947,  were  as  follows: 

Broadcagt  Stations 
A-M  . T . 

1.962 

1,016 

590 

91 

F-M  . ; .  . 

Remote  Pickup . 

TV  (exp.)  . 

TV  . 

Educational  . 

40 

37 

31 

International  . 

Other  . 

Non-Broadcast  Stations 

Amateur  . 

Aeronautical . 

Marine . 

Public  Safety  . 

Land  Transportation . 

Induatrial  . 

Miscellaneous  . 

3,834 

75,000 

20.818 

14,254 

4,653 

2,447 

2.028 

1,307 

120,507 

Licensed  radio 

operators  were 

listed  as  follows: 
Commercial  . . 

341,00i> 

81,00*1 

61,999 

Special  Aircraft . 

483,999 


Personal  And  Business  interests 
clash  when  we  spend  a  quiet  eve¬ 
ning  at  home  listening  to  f-m.  On 
the  one  hand,  the  chief  attraction 
of  the  service  for  us  is  freedom 
from  announcements.  On  the 
other,  we  keep  wondering  how 
long  this  lovely  music  can  play 
on,  like  Muzak,  without  advertis¬ 
ing  support. 

We  hope  the  programs  stay  as 
they  are.  And  we  hope  the  sta¬ 
tions  begin  to  make  money.  A 
spot  for  a  Jekyll  and  Hyde,  if  we 
ever  saw  one. 

If  There  Is  Any  Doubt  in  your 
mind  about  the  speed  with  which 
f-m  receivers  are  being  sold  watch 
the  rooftops  in  towns  that  have 
stations  when  passing  through  by 
car,  bus,  or  train. 

The  number  of  dipole-reflector 
rigs  we  spotted  on  a  run  to  St. 
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there  IS  a  difference 


PYROVAC 


r  /  l\^  V  the  new  Eimac  plate  material  makes  a 

better  vacuum  tube  anode  ...  on  all  counts^ 


o 

e 


LIFE  .  .  .  Tubes  with  tantelum  plates  formerly  giving 
3000  hours  of  service,  now,  with  Pyrovac  plates  operate  in 
excess  of  15,000  hours  ...  a  400  percent  increase. 


OVERLOADS  .  .  .  With  Pyrovac  plate,  65  watt 
tubes  have  dissipated  900  watts — a  1280  percent  momen¬ 
tary  overload — without  indication  that  the  eventual  life 
of  the  tubes  or  their  characteristics  were  affected.  In 
normal  service  these  tubes  are  still  going  strong.  Excessive 
plate  dissipation  due  to  tuning  procedure  and  circuit 
failure  normally  won't  mean  the  loss  of  your  tube. 


MECHANICAL  CHARACTERISTICS  .  .  . 

Pyrovac  is  easily  welded,  enabling  rugged  shock-resistant 
mounting.  It  is  a  "black  body"  radiator  and  possesses  ex¬ 
cellent  characteristics  as  an  electrical  conductor. 


COSTS  ...  Pyrovac  plates  in  Eimac  tubes  cost  you 
no  more,  yet  since  they  enable  longer  life  you  actually 
get  more  for  your  vacuum-tube-dollar. 


PROVEN  IN  SERVICE  .  .  .  Pyrovac  is  the  result 
of  millions  of  hours  of  life  tests.  The  universal  acceptance 
of  the  4-I25A  and  the  4-250A  in  all  fields  of  electronic 
endeavor  can,  in  part,  be  attributed  to  Pyrovac  for  con¬ 
tributing  overload  resistance,  life,  and  a  general  ability 
to  "take  it." 
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2835  13th  AVE.  S.,  MINNEAPOLIS  7,  MINN 


•USINESS  MIEFS  (eontiowd) 

Louis  a  short  time  ago  was  remi- 
niscent  of  the  early  a-m  days,  when 
enthusiasts  put  up  skywires  re¬ 
sembling  everything  from  umbrel- 
las  £o  pawnshop  balls. 


Ine  Transformer 


Receiver  Production  by  RMA 
members  in  1947  is  estimated  at 
17,695,677  units.  Breakdown  by 
months : 

January .  1,664,171 

lebruary  .• .  1,379,»6« 

March  .  1.877,269 

April  .  1,759,723 

May  .  1,816,873 

June .  1,213,142 

July  . .1 .  1,155, 4M 

August  . / .  1,265,885 

September  .  1,889,980 

October  .  2,002,803 

November  .  1.615.541 

December  .  1,705,918 

Included  in  the  figures  are  3,- 
029,637  auto  radios,  and  178,571 
television  sets.  Some  72  percent 
of  all  home  radio  receivers  made 
were  table  models,  13  percent  con¬ 
soles,  and  15  percent  portables. 

In  addition  to  the  radio  and 
television  receivers  tabulated 

above,  members  made  291,410 
phonographs  and  224,945  record 
players. 


An  ADC  115A  (Industrial  Series) 
impedance  matching  transformer, 
picked  at  fandom  from  stock,  was 
submitted  to  tests  to  compare  its 
performance  with  that  of  other 
makes  of  1st  line  transformers.  Here 
are  the  results.  Compare  perform¬ 
ance  of  the  ADC  transformer  with 
that  of  other  makes. 


FREQUENCY  RESPONSE 


mfQUCNCY  M  CYCLES  PEN  SECOND 

It  may  be  noted  that  altho  the  perme¬ 
ability  of  magnetic  materials  drops  at 
low  flux  densities,  the  AOC  transformer 
Ann  nuuc  ****  suflicient  reserve  inductance  to  al- 
®  low  for  this  even  at  low  power  levels. 
At  40  db  below  maximum  power  level 
it  exceeds  the  response  guarantee.  In¬ 
sertion  loss  at  1,000  cps  was  0.75  db. 


Projection  Television  is  about 
to  get  another  shot  in  the  arm. 
the  needle  being  wielded  this  time 
by  designers  up  at  the  North 
American  Philips  lab. 

Nearly  ready  for  sale  to  tele 
set  manufacturers,  in  more  or  less 
packaged  form,  is  an  extremely 
compact  unit  comprising  a  stubby 
c-r  tube  having  a  high-intensity 
screen  just  a  little  larger  than  two 
inches  in  diameter,  an  optical  sys¬ 
tem,  and  a  mirror  that  shoots  the 
picture  up  to  any  conventional 
translucent  screen.  A  high-volt¬ 
age  power  supply  using  fewer 
than  the  usual  number  of  tubes 
is  also  involved. 

A  detailed  technical  description 
of  the  system  is  in  preparation 
and  will  soon  appear  in  Electron¬ 
ics. 


600  OHMS 


300  OHMS 


Th,e  most  common  interference  volt¬ 
ages  encountered  in  telephone  line 
transmission  are  longitudinal;  that  is, 
the  induced  voltages  in  both  wires  are 
in  phase  with  respect  to  ground.  These 
can  be  removed  from  the  signal  volt¬ 
age  only  by  means  of  a  well  balanced 
line  transformer.  Illustration  "A” 
shows  the  test  circuit  used  to  measure 
the  degree  of  removal  of  these  inter¬ 
ference  voltages.  Level  reduction  on 
the  ADC  1 1 5  A  transformer  was  67  db 
at  100  cps  and  56  db  at  10,000  cps. 


600 

OHMS 


300 

OHMS 


jor**** 


MANUFACTURERS,  JOIRERS: 
WrH*  today  tor  cotolog  of  ADC 
otockonic  compononts  or  for  to- 
formoWon  on  wnHt  onginoorod  to 
your  lonotro motor. 


Associate  Editor  Zeluif  has  an 
idea  worthwhile  passing  along.  He 
thinks  lots  of  people  who  have 
television  sets  with  small  screens 
will  soon  want  larger  pictures, 
largely  so  that  more  can  watch. 
So,  how  about  auxiliary  cathode- 
ray  tube  units  that  can  be  attached 
to  such  sets  and  used  simultan¬ 
eously  some  place  else  in  the  same 
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tNDISPENSA^ 
ALL  INCLUs/vc, 
COMPLErc  I 


room?  And,  if  and  when  they 
become  available  at  reasonable 
cost,  auxiliary  units  with  larger 
screens? 

Hotel  installations 


using  the 
central  receiver  and  remote  cath¬ 
ode-ray  tube  system  are  already 
being  made.  Why  not  apply  the 
idea  to  homes? 


GEieER-MHLLER  LABORATORY 
COURTING  RATE  METER 

COMBINED  COUNTING 
METER  AND 
COUNTER  SET 


Transmitter  Equipment  Sales 
by  RMA  members  exceeded  $97,- 
000,000  during  the  first  half  of 
1947. 

Makers  of  broadcast  transmit¬ 
ting  and  studio  equipment  shipped 
A-m  transmit- 


$9,253,358  worth 
ter  sales  totalled  $2,319,006,  f-m 
transmitter  sales  $1,820,633.  A-m 
and  f-m  studio  equipment  sales 
went  to  $2,205,382.  Antenna 
equipment  for  both  types  of  broad¬ 
cast  service  brought  in  $433,767. 
Television  station  equipment  of 
all  kinds  totalled  $1,354,633. 

General  communications  equip¬ 
ment  sales  totalled  $2,589,468  for 
vhf  equipment  and  $746,902  for 
medium  frequency. 


counting  rat*  meter  with 
scale  ranges 
5000 

pulses  per  second. 

Provision  for  connection  of  external 
5  m.  a.  recording  milliameter.  Recorder  circuit  for 
operation  of  impulse  register  (recording  clock).  Regulated 
high  voltage  power  supply  for  counter  tuba.  Built-in  loud¬ 
speaker  for  aural  monitoring.  Puls*  equalizing  and  sharpening 
stages.  Operates  with  self-quenching  OR  non-self-quenching 
counter  tubes.  Provision  for  connecting  scaling  circuit, 
impulse  register,  oscilloscope,  recording  milliameter  and 
calibrating  input  signal.  Price  only  $350  less  counter  tubes 
and  recording  clock.  For  complete  description  send  for 
Bulletin  No.  471. 


Aviation  ra¬ 
dio  gear  went  for  $4,061,072.  Ma¬ 
rine  transmitting  equipment  sales 
were  $1,677,703.  Sales  of  piezo¬ 
electric  quartz  crystals  hit  $456,- 
137,  of  which  $315,169  worth  went 
to  equipment  manufacturers. 

The  U.  S.  Government  received 
delivery  of  $78,347,341  worth  of 
gear  in  the  first  half  of  1947. 


HIGH  SPEED  GEIGER- MULLER 
LABORATORY  SET 


MODEL  LS64 


CHECK  THESE 
OUTSTANDING 
FEATURES: 


All  of 

— simplified  and  modem- 
ized  —  reliable  and  fool- 
proof.  Uses  the  famous 
Higinbotham  Scaling 
Circuit — SCALE  OF  64  (Used  under  license  agreement  with  U.  S. 
Atomic  Energy  Commission).  Build-in  recorder  clock  of  zero  reset 
type — counts  up  to  9999  before  recycling.  Regulated  high  voltage 
power  supply  for  counter  tube,  with  front  panel  voltmeter.  Suitable 
for  use  with  self-quenching  or  non-self-quenching  counter  tube.  Bank 
of  neon  indicator  lamps  for  interpolation  of  count  and  indication  of 
proper  scaler  operation.  Small,  compact,  light  in  weight — constructed 
completely  on  one  13”zl7”  chassis  with  8-^4"  rack  type  front  panel. 
I^UCE  OI^Y  $360.00  complete  with  tubes  and  built-in  recording 
clock.  Send  for  Descriptive  Bulletin  No.  472. 


An  Indian  Radio  Company  has 
ordered  100,000  two-tube  sets  pro¬ 
duced  by  the  Sargrove  method. 
In  case  you’ve  forgotten,  that’s 
the  method  employed  to  turn  out 
the  machine-made  radio 


appear¬ 
ing  on  the  cover  of  Eleotronics 
for  February. 

One  Way  To  Find  Time:  Study¬ 
ing  in  his  cell  from  books  fur¬ 
nished  by  his  mother,  a  Cranston, 
R-  I.  man  is  said  to  have  become 
an  electronic  expert  while  serving 
a  35-year  sentence  for  the  second 
degree  murder  of  his  fiance. 


las  an 
ig.  He 
have 
creens 
;tures, 


1920  LINCOLN-LIBERTY  BLDG. 

PHILADELPHIA  7,  PENNA 
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MALLORY  ORIGINATED 
ELKONITE*  METALS- 


M  aud  only  Mawory  hats  the  yelMnl  of 
expWieiie^  .with  their  complex  fabricatio 


ELKONITE  is  the  registered  trade  mark  for  a  series  of  metals  originated  by 
Mallory  which  derive  their  effectiveness  from  the  skillful  compounding 
that  Mallory  has  developed  through  many,  many  years  of  pioneering  in  the 
field  of  powder  metallurgy. 

Elkonite  metal  proved  so  dependable  under  the  most  severe  conditions  that  it 
quickly  became  standard  on  most  heavy  duty  circuit  interrupting  equipment. 
It  also  proved  indispensable  in  the  field  of  resistance  welding  and  in  countless 
applications  requiring  its  particular  characteristics. 

The  success  of  Elkonite  metal  is  so  well  established  that  the  trade  mark  has  been 
mistakenly  applied  to  materials  that  are  sold  with  the  implication  that  they  will 
match  the  performance  of  true  Elkonite  metal. 

Mallory  has  made  true  Elkonite  metals  for  years.  Only  Mallory  can  guarantee 
the  correct  formulation  that  gives  hardness,  high  electrical  conductivity,  resis¬ 
tance  to  mechanical  wear  and  to  sticking  and  erosion  by  arcing — the  qualities 
that  have  made  the  word  Elkonite  a  symbol  of  dependability. 


ONLY  MALLORY  MAKES  AND  SELLS  GENUINE  ELKONITE  METAL 


I  I  ELECTRICAL 

CONTACTS  &  CONTACT  ASSEMBLIES 
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►  ALEX  .  .  .  Out  near  the  end  of  Long  Island  stand  standard.  For  all  other  practical  purposes,  we  are 
several  monuments  to  one  of  the  grand  figures  of  glad  to  report,  we  may  cleave  to  the  obsolete  (non¬ 
electronics.  Here  are  antennas  the  like  of  which  the  absolute)  ohm. 
younger  generation  of  experts  has  never  seen.  They 
are  a  mile  long  and  400  feet  high.  They  operate  in 
the  region  of  16  kc  and  they  get  their  power,  several 
hundred  kilowatts  of  it,  from  huge  generators 
rotating  at  high  speed. 

The  genial  figure  who  has  thus  created  his  own 
monument  is  E.F.W.  Alexanderson,  just  retired  after 
45  years  with  General  Electric.  “Alex”  not  only  pro¬ 
duced  the  alternators  which  bear  his  name  but  had 
much  to  do  with  the  multiple-tuned  antennas  which 
launch  the  energy  into  the  ether.  His  contributions 
to  electronics,  however,  are  not  confined  to  dot-and- 
dash  techniques.  The  industry  still  remembers  with 
awe  television  demonstrations  in  Schenectady  where 
his  giant  scanners  made  possible  theater-size  images. 

Industrial  electronics,  too,  has  felt  his  handiwork. 

And  above  all,  Alex  has  the  human  touch,  so  often 
missing  in  those  who  deal  primarily  with  machines — 
and  big  machines  at  that. 


►  OVERSUPPLY  . . .  While  busily  engaged  in  trying 
to  control  the  infiationary  aspect  of  our  feast-and- 
famine  economy,  we  may  lose  sight  of  a  similar  oscil¬ 
lation  in  the  supply  of  electrical  engineers.  Through 
a  now-recognized  defect  in  the  draft  policy  of  the 
last  war,  we  virtually  stopped  production  of  young 
engineers  for  nearly  five  years.  Meanwhile  we  vastly 
enhanced  the  attraction  of  the  electrical  industry, 
particularly  the  electronics  part  of  it,  by  introducing 
radar  and  similar  wonders  to  vast  numbers  of  soldiers 
and  sailors.  So  students,  largely  G.I.’s,  have  since 
flocked  to  the  electrical  departments  of  colleges 
throughout  the  land.  The  committee  on  manpower  of 
the  American  Society  for  Engineering  Education  has 
surveyed  this  rush  and  sounds  a  warning.  By  1949, 
there  will  be  an  oversupply  of  electrical  engineers,  by 
1950  an  “exceedingly  high”  oversupply,  or  so  the 
A.S.E.E.  experts  claim.  Perhaps  so.  But  in  1948  we 
still  have  a  shortage  of  young  men,  as  well  as  experi¬ 
enced  men.  If  the  products  of  electrical  science  con¬ 
tinue  to  command  an  increasingly  large  portion  of  the 
national  income,  as  they  have  since  prewar  years, 
our  industry  will  absorb  all  the  good  men  offered. 


►  STANDARDS  .  .  .  Recent  changes  in  two  basic 
physical  standards  remind  us  that  arbitrarily  defined 
units  of  measurement  are  subject  to  alteration.  From 
W.  F.  Meggers  of  the  National  Bureau  of  Standards 
comes  news  that  a  new  and  better  standard  of  length 
is  available.  It  is  a  spectrum  line,  of  green  color, 
produced  by  mercury  198.  This  isotope  of  mercury 
does  not  occur  in  nature,  but  is  produced  by  neutron 
bombardment  of  gold.  The  wavelength  of  this  line 
is,  according  to  Dr.  Meggers,  superior  to  the  long- 
established  standard  red  line  in  the  spectrum  of 
cadmium,  and  far  easier  to  reproduce  than  the 
standard  meter  bar  now  preserved  in  Paris.  So 
nuclear  technology  provides  a  new  standard,  measur¬ 
able  to  an  accuracy  of  one  part  in  100,000,000. 

The  other  change  is  less  exciting,  but  perhaps  of 
equal  practical  importance.  Effective  this  year,  the 
standard  ohm  becomes  about  l/20th  of  a. percent 
smaller  than  formerly.  The  formerly  used  inter¬ 
national  ohm  was  1.000495  absolute  ohm.  The  abso¬ 
lute  ohm  is  the  newly  defined  standard.  The  prac¬ 
tical  effect  is  that  precision  resistors,  whose  toler¬ 
ance  is  0.1  percent  or  better,  must  be  made  to  the  new 


►  MICROSCOPE  .  .  .  The  electron  microscope  has 
climbed  in  magnifying  power  to  300,000  diameters 
and,  like  telescopes  of  new  power,  is  revealing 
hitherto  unknown  worlds.  The  latest  adventure  has 
been  reported  at  Philadelphia  by  Dr.  James  Hillier, 
speaking  before  the  Electron  Microscope  Society  of 
America.  Microscope  pictures  taken  at  the  RCA 
Princeton  Laboratories  show  viruses  attacking  bac¬ 
teria  and  destroying  them.  Both  virus  and  bacteria 
were  killed  by  the  passage  of  the  electron  beam  in 
the  microscope,  but  they  preserved  their  relative  posi¬ 
tions  at  the  instant  of  exposure  and  so  showed,  in 
successive  pictures,  the  advance  of  the  attack.  This 
direct  insight  is  of  the  greatest  importance  in  study¬ 
ing  the  nature  of  virus  diseases.  A  new  double  electron 
lens  did  the  trick,  revealing  bodies  only  one  four- 
hundred-millionth  of  an  inch  in  diameter. 
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When  a  new  technical  word  having  popular  appeal  is  publicized  into  the  language,  husi- 
nessmen  frequently  ride  on  its  coat  tail  and  incorporate  the  word  into  the  names  of  their 
firms.  Sometimes  these  firms  are  engaged  in  the  field  so  intimated,  sometimes  not 


The  names  of  new  advances  in 
science  are  often  employed  in 


connection  with  business  ventures. 
Their  use  as  part  of  company  names 
tells  an  interesting  story. 

The  trend  is  easily  traced  by  an 
examination  of  telephone  directo¬ 
ries  of  past  years.  Such  a  search  of 
New  York  (Manhattan)  telephone 
directories  since  1904  reveals  the 
growth  and  sometimes  the  decline 
of  several  words  in  our  field.  It  also 
discloses  the  extent  of  their  popular 
appeal  over  the  years. 

The  words  chosen  for  this  study 
were  Radio,  Wireless,  Electronic 
(including  Electron  and  Electron¬ 
ics),  Television,  Radar  and  Atomic. 
The  1904  starting  date  was  chosen 
as  directories  back  to  that  date  were 
conveniently  available.  This  date 
also  pretty  well  antecedes  the  com¬ 
mon  use  of  most  of  the  words. 


The  number  of  listings  in  the 
telephone  directory  is  plotted  in  the 
accompanying  chart.  (Note  that 
the  fiuctuations  do  not  follow  at  all 
closely  the  boom  of  the  late  twenties 
or  the  depression  of  the  thirties.) 


Strangely  enough,  the  word  radio 
appears  two  years  before  the  word 
wireless. 

In  1904  and  1905  there  was  a 
single  entry,  the  Radio  Chemical 
Company.  The  next  two  years 
showed  no  use  but  in  1908  it  reap¬ 
peared,  one  listing  being  a  radio 
telephone  company.  In  1910  a  radio 
wireless  station  was  listed.  In  1912 
the  word  disappeared,  but  it  re¬ 
turned  the  following  year.  By  1917 
there  was  a  total  of  six  in  use,  but 
none  of  them  were  really  applicable 
to  the  science  of  radio  as  we  know 


this  very  popular  word  today. 

The  Radio  Corporation  of 
America  showed  up  in  1920,  and  in 
1931  the  completion  of  Radio  City 
swelled  the  list  considerably.  The 
period  of  most  rapid  growth  was  be¬ 
tween  1919  and  1924,  when  the 
number  of  mentions  increased  from 
five  to  100.  Use  of  the  word  is  now 
pushing  the  200  mark. 

The  publicity  value  of  the  word 
radio  caused  it  to  be  used  in  con¬ 
nection  with  many  enterprises  such 
as  awnings,  grills,  picture  frames, 
meat  shops,  slippers,  neckwear,  and 
wet  wash. 

The  term  radionic  Ijas  not  so  far 
made  a  great  deal  of  progress. 


Wireless 

The  word  wireless  first  made  real 
news  in  this  country  as  a  result  of 
the  reception  of  Marconi  trans- 
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electronics  —  March,  1948 


By  W.  C.  WHITE 

Renearch  Laboratory 
General  Electric  Co. 
Schenectady,  N.  Y 


atlantic  signals  on  December  12, 
1901.  However,  it  did  not  appear  in 
the  New  York  telephone  directory 
until  1906.  It  was  not  represented 
in  1907,  which  year  incidentally 
was  the  only  one  covered  by  this 
survey  that  yielded  no  entry  of  any 
of  the  words  chosen. 

It  is  rather  prophetic  of  the  early 
era  of  wireless  that  the  first  entry 
in  1906  was  for  the  Wireless  Secur¬ 
ities  Exchange,  which' proved  to  be 
short-lived,  at  least  under  that  title. 

The  word  wireless  was  back  again 
in  1908  with  the  well-remembered 
and  relatively  long-lived  Wireless 
Specialty  Apparatus  Company. 

Another  big  boost  in  the  news 
value  of  the  word  occurred  in  con¬ 
nection  with  the  wreck  of  the  S.S. 
Republic,  in  1909,  and  to  an  even 
greater  extent  as  a  result  of  the 
Titanic  disaster  in  1912.  However, 
its  use  in  connection  with  business 
enterprises  did  not  seem  to  be  im¬ 
mediately  affected.  The  number  of 
appearances  in  the  telephone  di¬ 
rectory  reached  a  maximum  in  1924 
and  1925  with  10  entries. 

As  in  the  case  of  the  word  radio, 
many  of  the  listings  were  not  really 
connected  with  the  science. 

By  1937  the  listings  were  down 
to  one  entry,  and  this  one  and  only 
entry  has  remained  up  to  the 
present.  It  is  for  a  printing  com¬ 
pany.  Incidentally,  in  1926  there 
was  a  Wireless  Radio  Corporation 
in  Brooklyn. 

Electronic 

Although  none  of  the  words  stem¬ 
ming  from  electron  appeared  until 
1917,  the  word  elektron  was  listed 
in  1904  and  1905,  applied  to  an  ele¬ 
vator  company.  The  word  electron 
appeared  first  in  1917  in  connection 
with  a  chemical  company.  The  num¬ 
ber  of  entries  varied  slightly  but 
never  reached  over  four  until  after 
1932. 


The  word  electronic  first  showed 
up  in  1926  and  electronics  in  1930 
in  connection  with  this  publication. 
The  magazine  remained  the  sole 
representative  of  this  form  of  the 
word  in  the  telephone  directories 
until  1944. 

For  some  reason  not  entirely  evi¬ 
dent,  the  three  words  based  on  elec¬ 
tron  have  been  applied  appropri¬ 
ately  to  a  much  greater  extent  than 
radio  or  uHreless.  A  rapid  increase 
occurred  between  1943,  with  11 
entries,  and  the  latter  part  of  1946, 
with  52  entries.  Use  apparently  is 
still  on  the  increase. 

Television 

The  word  first  was  used  in  the 
telephone  directory  in  1929,  in  con¬ 
nection  with  a  television-radio  shop. 
There  was  an  increase  from  a  single 
entry  in  1930  to  six  entries  in  1931. 
Then  it  varied  back  and  forth  be¬ 
tween  these  limits  until  1944,  when 
it  started  a  rapid  and  continuous 
increase,  reaching  17  in  the  latest 
issue. 

As  in  the  case  of  electronic,  list¬ 
ings  under  television  are  largely 
connected  with  the  actual  industry. 


The  word  radar  made  its  first  ap¬ 
pearance  in  1944  with  two  entries, 
one  a  paint  and  one  a  novelty  com¬ 
pany.  It  appears  to  have  reached 
a  maximum  of  eight  mentions  in 
1946,  none  of  them  having  any  ap¬ 
parent  connection  with  the  science. 
Typical  firms  listed  dealt  in 
blouses,  novelties,  restaurant  sup¬ 
plies,  paints,  and  slippers. 

The  use  of  this  word  in  the  tele¬ 
phone  directory  will  probably  de¬ 
crease  and  may  well  disappear  after 
a  few  years. 

Atomic 

The  1945  fall  directory  was  prob¬ 
ably  well  along  in  preparation  when 


REPEAT  PERFORMANCE 

THE  EDITORS  almost  let  this  article 
slip  through  their  fingers.  So  unusual 
was  the  theme,  end  so  light  the  treot- 
ment,  that  it  seemed  not  to  fit  a 
serious  technical  publkotion. 

BUT  a  good  story  will  not  die.  The 
editors  re-read  it,  and  again  enjoyed 
it.  Why  keep  it  from  readers?  Editors 
can  get  too  serious.  So  here  it  is. 

BILL  WHITE,  by  the  way,  is  not 
only  d  charter  subscriber  to  ELEC¬ 
TRONICS  but  is  a  charter  contributor 
os  well.  An  article  appeared  under  his 
signature  in  our  first  issue,  back  in 
April  1930 


the  atom  bomb  was  dropped  over 
Hiroshima  so  there  were  no  listings 
containing  the  word  atomic  in  that 
issue.  But  in  the  next  issue,  in  the 
spring  of  1946,  it  appeared  19 
times.  None,  of  course,  were  di¬ 
rectly  applicable  to  the  scientific  de¬ 
velopment. 

The  great  popular  appeal  of  the 
word  is  indicated  by  the  fact  that 
it  showed  more  listings  in  the  issue 
of  its  first  appearance  than  any  of 
the  other  words  did  after  a  growth 
of  ten  years.  The  listings  showed 
activity  in  handbags,  pleating,  rain¬ 
wear,  and  surgical  supplies.  By  the 
1946  fall  issue,  the  number  had 
grown  to  30  and  added  lines  were 
neckwear,  undergarments,  podiatry, 
art  studios,  food,  and  jewelry. 

By  the  fall  of  1947,  the  number 
had  grown  to  35.  One  appropriate 
entry  did  appear  then,  the  Atomic 
Energy  Commission. 

Nucleonic 

To  date  the  word  nucleonic  has 
not  appeared.  It  offers  a  wonderful 
opportunity  if  you  are  going  into 
neckwear,  novelties,  etc. 

You  may  have  the  field  to  your¬ 
self  for  at  least  one  issue  of  the 
Manhattan  directory  if  you  start 
now.* 


•  ED.  NOTE.  You  will  not.  See  “Nu- 
cleonica,”  a  McGraw-Hill  Publication. 
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Experiments  indicate  that  foods  of  many  varieties  can  be  preserved  over  long  periods,  witli- 
out  alteration  in  appearance  or  taste,  by  exposing  them  in  their  sealed  containers  to  ultra- 
short-time  pulsed  cathode  rays  from  a  capacitron.  Sterilization  of  drugs  without  decrease 
•  *  in  potency  is  also  possible 


By  WOLFBANG  HUBER* 

AeMornk  lAboratoriei 
Electronited  Chemicalt  Corp. 
Eetc  York,  E.  T. 


The  importance  of  electrons 
moving  within  evacuated  tubes 
has  been  amply  demonstrated.  By 
contrast,  comparatively  little  has 
been  done  with  electrons  released 
from  the  confinement  of  tubes,  par¬ 
ticularly  in  the  field  of  food  preser¬ 
vation. 

In  1894  Lenard*  brought  cathode 
rays  out  through  a  window  in  the 
wall  of  a  tube.  But  the  cathode-ray 
tube  remained  a  low-voltage,  low- 
current  device  until  1926  when  Cool- 
idge*  developed  a  tube  capable  of 
operation  at  several  ma  and  up  to 
360  kv.  With  this  type,  electron 
beams  of  sufficient  intensity  to  per¬ 
mit  practical  experimentation  with 
chemical  and  biological  objects  were 
obtained. 

Still  higher  electron  velocities 
were  obtained  by  the  subsequent  de¬ 
velopment  of  cascaded  cathode-ray 
tubes.  Many  investigators*  used 
this  method  to  expose  a  wide  vari¬ 
ety  of  materials  of  inorganic  as 
well  as  organic  origin  to  the  action 
of  electrons.  The  results  of  the  bi¬ 
ological  experiments  were  not  very 
encouraging,  however.  Micro-organ¬ 
isms  within  the  penetration  range 
were  killed,  but  irradiated  prod- 


HEATLESS 

Energy  developed  by  the  capocitron 
is  cold  energy.  Thus  limitation  of 
micro-organism  and  enzyme  activity 
may  be  accomplished  while  food  is  in 
any  physical  state  .  .  .  frozen,  raw, 
partly  or  fully  cooked 


FIG.  1 — Basie  eircnit  ef  the  electronic 
impulse  generator 

ucts  showed  pronounced  changes  in 
taste,  odor  and  appearance. 

Capocitron  Development 

Biological  and  medical  experi¬ 
ments  undertaken  by  Brasch  and 
Lange*  in  cooperation  with  Beck  and 
Haelberstaedter  opened  new  possi¬ 
bilities.  These  men  used  a  capaci¬ 
tron,  an  apparatus  which  produces 
high  voltages  and  great  electron 
intensities  during  ultra-short-time 
periods.  It  was  indicated  that 
the  release  of  high  intensities  dur¬ 
ing  ultra-short-time  periods  killed 
micro-organisms  in  much  the  same 
way  as  continuous  current-voltage 
generators  but  without  radically 
changing  taste,  odor  or  appearance. 

Initial  experiments  were  carried 
out  by  the  utilization  of  voltage  pro¬ 
duced  by  lightning.*  This  source  of 
voltage  was  obviously  unreliable  and 
further  progress  was  intimately 
connected  with  the  development  of 
an  impulse  generator  developed  by 
E.  Marx*  and  shown  in  Fig.  1.  A 
number  of  capacitors  are  charged 
in  parallel,  through  resistors,  from 
a  rectifier  unit.  Discharge  of  the 
capacitors  in  series  is  accomplished 
by  means  of  gaps  which  spark  over 
at  predetermined  voltages. 


The  availability  of  impulses  of 
several  million  volts  from  a  gen¬ 
erator  now  made  it  imperative  to 
develop  discharge  tubes  that  would 
handle  these  voltages  continuously 
and  without  breakdown.  Brasch  and 
Lange^  determined  that  the  break¬ 
down  voltage  depended  not  only  on 
the  status  of  the  vacuum  and  the 
construction  of  the  electrodes  but 
also  upon  the  type  and  structure  of 
the  wall  of  the  discharge  tube. 
Breakdown  troubles  were  reduced 
by  lamination  of  the  tube  wall  and 
by  increase  in  the  lengths  of  sur¬ 
faces  which  were  prone  to  cause 
gliding  discharges.  This  led  in  1930 
to  the  development  of  the  so-called 
laminated  tube  illustrated  in  Fig.  2. 
It  consists  of  alternate  stainless 
steel  or  nickel,  insulating  resin,  and 
rubber  discs. 

In  order  avoid  excessive  bom¬ 
bardment  of  the  walls  with  electrons 
it  is  important  to  construct  the 
tube  in  such  a  way  that  the  relation 
of  length  to  width  is  not  materially 
in  excess  of  8  to  1.  In  large  capaci- 
trons  the  ratio  may  be  as  low  as 
2  to  1.  To  avoid  flashovers  the  tube 
is  immersed  in  oil. 

Practical  Design 

Experimental  work  by  A.  Brasch 
and  the  author*  has  so  far  been  car¬ 
ried  on  with  the  experimental  ca¬ 
pacitron  pictured  in  these  pages. 
Line  voltage  is  transformed  to  100,- 
000  volts  and  converted  into  d-c  by 
a  set  of  rectifier  tubes.  Induction 
coils  used  in  lieu  of  resistances  per¬ 
mit  a  capacitor-bank  charging  fre- 


•  From  a  paper  presented  before  the  1047 
National  Electronics  Conference  in  Chicago. 


March,  J94«— ELECTRONICS 


I'  i 


quency  of  50  to  100  times  per  min¬ 
ute.  The  generator  itself  consists 
of  capacitors  arranged  in  30  banks 
of  100,000  volts  each,  thus  giving 
a  peak  output  voltage  of  3,000,000. 

The  intensity  of  each  individual 
impulse  is  of  the  order  of  thousands 
of  amperes  and  the  release  time  of 
the  order  of  10  *  second.  The  elec¬ 
trons  reach  the  open  through  a 
window  device  which  consists  of  a 
grill  supporting  a  thin  metal  foil. 
Foils  of  beryllium  alloys,  which  have 
the  best  strength  and  ductility  char¬ 
acteristics,  are  not  yet  available. 
Therefore,  we  are  at  present  using 
0.05-mm  foil  of  a  hard  aluminum 
alloy.  The  efficiency  of  the  device, 
as  compared  with  other  corpuscular 
accelerators,  is  relatively  high. 
According  to  calorimetric  deter¬ 
minations,  about  35  percent  of  the 
surge  generator  intensity  is’  con¬ 
verted  into  electrons. 

The  simplicity  of  capacitron  de¬ 
sign  permits  the  attainment  of  prac¬ 
tically  unlimited  voltages  and  in- 
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Exparimsnlal  capacitron  used  In  tho  tests 


tensities,  particularly  if  the  entire 
surge  generator  together  with  the 
discharge  tube  is  immersed  in  a 
liquid  insulating  material  contained 
in  a  grounded  tank.  The  general 
design  of  such  a  unit,  which  will  be 
a  prototype  for  commercial  uses,  is 
shown  in  Fig.  3.  In  this  unit,  the 
capacitor  banks  and  the  discharge 


tube  are  immersed  in  oil  in  a  sub¬ 
merged  concrete  pool,  with  only  the 
pumping  equipment,  the  exit  win¬ 
dow  and  the  conveyor  belt  above 
ground  in  a  separate  concrete  hous¬ 
ing.  The  spark  gaps  are  hermetic¬ 
ally  sealed  in  compressed  gas  and 
the  beam  of  electrons  is  bent  around 
by  a  system  of  magnets  to  facilitate 


Tcdsle  I — Penetration  Range  of  Electrons  in  Water 


Acx-cl. 

Max. 

High 

Depth  of 

Velocity* 

Pot. 

Ilangt* 

Inteasitv 

Max. 

(kv) 

(mm) 

llangcT 

Intensity 

(mm) 

0  .S.*) 

too 

0.03 

'0  70 

201 

0.83 

0  78 

.300 

1. 10 

0  80 

310 

1.60 

0  90 

662 

2.16 

0  91 

1,000 

.3.20 

0.97 

1,600 

7.70 

0-  2.7 

1.3 

0.98.=> 

2,100 

12.. 30 

0-  4.3 

3.0 

(r.993 

1,000 

21.00 

0-  7.3 

6-7 

0.998 

8,000 

12.00 

0-14.0 

10-12 

0.999 

12,000 

62.00 

0-22.0 

16-18 

•Kxpressed  as  fraction  of  velocity  of  light 
t Higher  than  at  surface 


and,  by  comparison,  to  ultra-short¬ 
time  radiation.  Usins:  ultra-short- 
time  impulses  with  intensities  far 
above  maximum  continuous  radia¬ 
tion  values  recommended  in  the 
literature,  we  note  no  formation  of 
vitamin  D  in  ergosterol.  Our  in¬ 
terpretation  of  this  fact  is  that  the 
first  step  in  the  photoactivation  of 
ergosterol,  namely,  the  isomeriza¬ 
tion  of  the  angular  methyl  group 
on  C-10,  has  a  reaction  time  con¬ 
siderably  in  excess  of  10  *  second. 

Preservation  of  Foods 

Table  III  illustrates  the  effective¬ 
ness  with  which  foods  are  preserved 
by  means  of  capacitron  radiation. 
For  example,  slices  of  raw  beef,  veal 
and  pork  were  put  into  thin-walled 
glass  containers  which  were  sealed 
off  under  air  and  exposed  for  four 
impulses;  The  energies  applied  were 
far  in  excess  of  the  minimum  ster¬ 
ilization  dose. 

Tests  for  sterility  were  made  di¬ 
rectly  after  irradiation  and  at  the 
end  of  the  storage  period,  which 
was  in  some  few  instances  coin¬ 
cident  with  perceptible  change,  in 
appearance  but  in  most  cases  arbi¬ 
trary.  Experiments  are  continuing, 
so  it  is  difficult  to  estimate  the  ex¬ 
tent  of  ultimate  storage  stability 
for  many  samples.  In  the  protein 
series,  for  example,  we  feel  that  we 
are  nowhere  near  the  limit. 


the  use  of  conventional  conveyor 
equipment  and  to  eliminate  x-rays. 

The  penetration  range  of  elec¬ 
trons  depends  on  the  accelerating 
voltage  and  the  density  of  the  tar¬ 
get.  Table  I  illustrates  this, ‘using 
water  as  a  target,  as  well  as  the  fact 
that  electrons  exercise  more  inten¬ 
sity  at  a  certain  depth  than  on  the 
surface.  The  latter  effect  is  due  to 
the  phenomenon  that  with  increas¬ 
ing  electron  speed  scattering  will 
be  predominantly  in  the  forward 
direction.  This  is  of  considerable 
practical  iinportance,  since  it  avoids 
unduly  high  energy  absorption  in 
any  container  wall. 

Penetration  in  water  with  5,000,- 
000  volts  is  about  25  mm.  After 
electrons  pass  through  the  dis¬ 
charge-tube  air  exerts  a  bushing 
effect  upon  them.  In  5  inches  dis¬ 
tance  from  the  window,  for  example, 
an  area  of  at  least  380-mm  diameter 
is  covered.  Witfi'a  penetration  range 
of  25  mm  it  is  thus  possible  to  proc¬ 
ess  with  one  impulse  2,83  liters  of 
one  particular  material.'  If  we  as¬ 
sume  an  average  discharge  fre¬ 
quency  of  only  30  impulses  per  min¬ 
ute  this  would  be  equivalent  to  a 
capacity  of  85  liters  per  minute  and 
about  5,100  liters,  or  5.5  tons,  per 
hour. 

Table  II  indicates  the  nature  of 
changes  in  several  substances  when 
subjected  to  continuous  radiation 
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Boiled  ham  showed  decomposition 
after  63  days,  whereas  raw  fat  pork 
exhibited  no  change  after  207  days. 
This  had  us  puzzled  until  we  found 
that  the  discrepancy  was  due  to  dif¬ 
ferences  in  packing.  The  boiled 
ham  samples  were  packed  in  double 
bags  of  0.004-inch  polyethylene  foil, 
considered  ideal  because  of  its 
low  density,  and  heat-sealed.  De¬ 
composition  of  the  sample  started 
around  the  areas  closest  to  the 
sealed  edges,  indicating  need  for  a 
foolproof,  fully  airtight  plastic  con¬ 
tainer. 

Ultra-short-time  impulses  do  not 
always  eliminate  all  side  effects.  In 
the  case  of  butter  as  well  as  other 
products  containing  butter  fat  a 
definite  taste  change  occurs  which 
cannot  be  classified  as  any  of  the 
previously  known  taste  changes.  We 
call  this  change  irradiated  taste.  It 
can  be  considerably  reduced  "by  crit¬ 
ical  variation  of  the  irradiation  con¬ 
ditions,  and  also  by  prolonged  stor¬ 
age.  In  the  case  of  cream  cheese, 
irradiated  taste  completely  disap¬ 
peared  after  66  days  of  storage  at 
room  temperature  in  the  original 
tin-foil  wrapper. 

Considering  the  most  common  use 
of  castor  oil,  it  was  rather  amus¬ 
ing  to  find  that  under  radiation  this 
household  standby  developed  a  fra¬ 
grant  odor  much  like  that  of  daisies. 

Table  III  also  illustrates  the  b^ 
havior  of  capacitronized  vegetables. 
The  days  of  storage  for  the  prod¬ 
ucts  in  plastic  containers  are  some¬ 
what  deceiving,  since  these  samples 
were  opened  regardless  of  appear¬ 
ance  when  we  discovered  the  un¬ 
suitability  of  heat-sealed  polyethy¬ 
lene  bags  for  our  purpose. 


Table  II — Comparison  oi  Continuous  and  Ultra-Short-Time 
Radiation 
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Substance 

Continuous 

Radiation 

ElFect 

Capacitron 
,  Impulses  of 
•  10-*  Sec 

Ergosterol 

u-v,  a, 

vitainin-D  formation 

no  change 

Casein,  E^g  Albumen 

0,  y 

deconqiosition, 

oxidation 

no  change 

Butane,  Heptane 

a, 

Hi,  CHi  evolution, 
polymerization 

no  change 

Styrene 

U-V,  a,  /3 

polymerization 

no  change 

Ca.slor,  Linseed,  Tun? 

on 

u-v, 

polymerization,  change 
of  ref.  index.,  iodine 
no.  and  color 

development  of 
slight  flowery  odor 

Acetone 

P 

condensation,  gas 
formation 

no  change 

Hemoglobin 

u-v,  o 

inhomogenization,  low 
molecular  breakdown 
products 

small  %  of 
methemoglobi  n 

Rubber  Plant 

0 

discoloration,  drying, 
latex  formation 

no  change 

-magnets 
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FIG.  3 — Prototype  of  a  commordal  copadtron 


of  preservation  of  foods  would  not 
be  complete  without  mentioning 
commodities  which  serve  in  one  way 
or  another  as  raw  materials,  inter¬ 
mediates  or  additives  in  the  prepa¬ 
ration  of  finished  food  products. 
These  highly  diversified  products 
include  grains  such  as  wheat,  com 
and  rice,  as  well  as  the  correspond¬ 
ing  flours,  beans,  nuts,  spices, 
plant  extracts,  protein  fractions 
and  many  others.  We  have  achieved 
preservation  of  these  commodities 
by  elimination  of  micro-organisms 
of  all  types  as  well  as  infestations 
caused  by  insects,  insect  eggs  or 
larvae. 

Before  concluding  the  discussion 
of  food  preservation,  I  would  like 
to  say  a  few  words  about  capacitron 
preservation  in  relation  to  preserva¬ 
tion  by  refrigeration,  particularly 
by  deep  freezing.  We  do  not  hold 
the  opinion  that  preservation  with 
penetrating  electrons  of  ultra-short- 
time  duration  will  be  a  potential 
antagonist  to  deep-freezing  tech¬ 
niques.  Quite  the  contrary,  we  feel 
that  the  process  can  offer  great  ad¬ 
vantages  to  the  processor  of  frozen 
foodstuffs.  The  capacitron  offers  a 
means  for  heatless  sterilization  and 
enzyme  inhibition.  To  this,  refrig- 


By  contrast  with  the  color  of  sub¬ 
stances  of  animal  origin,  some  plant 
dyes  were  found  to  be  much  less 
stable  under  our  conditions  of  stor¬ 
age.  Bleaching  is  not  a  radiation 
effect  but  develops  slowly  on  stor¬ 
age.  It  can  be  reduced  by  storage 
away  from  light.  On  the  other  hand, 
attempts  to  preserve  lettuce  have 
so  far  been  a  failure,  with  the  detri¬ 
mental  effects  undoubtedly  due  to 
irradiation.  We  do  not  yet  know 
why. 

The  color  of  all  except  one  of  the 
fruits  so  far  tested  was  well  pre¬ 
served  after  radiation.  The  notable 
exception  is  strawberries.  Indica¬ 
tions  are  that  special  treatment  and 
storage  conditions  as  well  as  more 
rigidly  controlled  impulse  dosages 
may  overcome  the  undesirable  ef¬ 
fects. 


we  have  called  surface  sterilization. 
In  this  procedure  the  irradiation 
conditions  are  adjusted  in  such  a 
way  that  the  electrons  penetrate 
just  through  the  surface  of  the 
foodstuff. 

We  have  found  that  the  elimina¬ 
tion  of  micro-organisms  from  the 
surface  affords  a  considerable  ex¬ 
tension  of  the  life  of  fresh  food 
products,  particularly  of  those  that 
have  a  rather  thick  or  tough  skin, 
such  as  apples,  peaches,  melons, 
corn,  nuts  and  eggs.  That  this 
should  be  so  seems  logical  if  one 
remembers  that  except  for  insect 
infestations  the  surface  is  the  main 
portal  of  entry  for  micro-organ¬ 
isms. 

We  have  been  able  to  preserve 
fruits  such  as  melons,  peaches,  pears 
and  corn  on  the  cob,  wrapped  in 
plastic  envelopes,  over  periods  of 
several  weeks  at  room  temperature. 

All  the  experiments  discussed  so  Controls  kept  under  identical  con- 
far  were  undertaken  for  the  pur-  ditions  started  to  decay  after  sev- 
pose  of  studying  the  maximum  ex-  eral  days. 

tent  of  preservation  obtainable  with  Another  interesting  application 
penetrating  electrons  of  ultra-short-  of  the  capacitron  is  the  preserva- 
time  duration.  If,  however,  only  a  tion  of  partly  or  wholly  dehydrated 
moderate  extension  of  shelf  life  is  foodstuffs,  particularly  when  the 
needed  then  the  capacitron  can  be  dehydration  has  been  achieved  by 
readily  utilized  for  a  process  which  freeze-drying.  And  this  discussion 
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eration  can  add  preservation  of 
color  and  texture.  In  addition,  and 
this  is  probably  even  more  impor¬ 
tant,  capacitronized  frozen  prod¬ 
ucts  can  be  kept  without  loss  at 
about  10  F  for  very  long  periods  of 
time,  thus  providing  considerable 
reduction  of  freezing  costs  and 
elimination  of  many  of  the  head¬ 
aches  of  transport. 

Sterilization  of  Drugs 

The  last  topic  of  this  discussion 
deals  with  the  sterilization  of  drugs. 
Some  of  the.  results  are  illustrated 
in  Table  IV. 

It  can  be  seen  that  vitamins  such 
as  thiamin,  riboflavin,  pyridoxine, 
niacin,  and  pantothenic  acid  either 
alone  or  in  mixture  are  readily  ster¬ 
ilized  without  loss  in  potency,  even 
with  large  impulse  dosages.  Similar 
data  was  obtained  when  testing  fat- 
soluble  vitamins,  such  as  vitamin  A 
and  vitamin  D.  The  same  also  holds 
true  for  hormones,  and  even  such 
a  mixture  of  complicated  protein 
molecules  as  pituitary  hormone  can 
be  readily  sterilized  without  any 
loss  in  potency.  Another  remark¬ 
able  result  is  the  radiation  stability 
of  antibiotics  such  as  penicillin  and 
streptomycin.  They  withstand  even 
higher  impulse  dosage  than  those 
given  in  the  table  without  any  loss 
of  antibiotic  activity. 

To  illustrate  in  this  table  the  ster¬ 
ilization  of  individual  enzyme  prep¬ 
arations  as  well  as  their  sensitivity 
to  penetrating  electrons  of  ultra¬ 
short-time  duration,  I  have  selected 
three  examples,  namely,  hyaluroni- 
dase,  clarase,  and  trypsin.  Two 
facts  are  outstanding.  First,  the 
margin  betw'een  sterility  dose  and 
activity  loss,  although  rather  nar¬ 
row,  is  still  wide  enough  to  achieve 
sterilization  with  little  or  no  po¬ 
tency  loss.  Second,  there  are  ap¬ 
preciable  individual  differences  in 
enzyme  sensitivity  to  capacitron 
radiation. 

The  sensitivity  of  individual  en¬ 
zymes  as  well  as  isolated  enzyme 
systems  to  penetrating  electrons  of 
ultra-short-time  duration  is  at  pres¬ 
ent  under  more  detailed  investiga¬ 
tion. 

Summary  and  Acknowledgments 

Summarizing  the  salient  features 
of  penetrating  electrons  from  a  cap¬ 
acitron  as  they  apply  to  heatless 


Table  m — ^Effects  ol  Capacitron  Radiation  on  Foods 


MEATS,  FISH,  EGGS 


Un¬ 

treated 

Sample 

Detiay 

(days) 


Con¬ 

tainer 


Appetin»m-<!, 
Taste,  Odor 


iinchanj^i,  raw  and  fried 


inchanged,  notancidity 


Floimder,  lilet 


lloast  Beef,  red 


[ed  exeept  for 
ic  of  (^»lf)r 


fair,  slifrht  decomposition 


Ham,  boiled 


alumi¬ 

num 


unchanged,  no  rancidity 


Bacon,  smoked 


Chicken  a 


unchang«Hl 


unchanged 


Hamburger 


unchanged 


Eggs,  pigeon 


room 


board 


VEGETABUES 


unchanged. except  for 
slight  bleaching 


room 


unchanged,  except  for 
some  bleaching 


Beans,  cut 


considerable  bleaching, 
some  loss  of  texture 


Carrots,  diced 


room 


unchangt^d,  except  for 
some  browning 


Potatoes,  diced 


unchanged 


rcKun 


unchanged 


Cabbage,  diced 


unchanged,  except  for 
some  bleaching 


Broccoli,  diced 


room 


unchanged,  except  for 
some  bleaching 


Spinach,  chopped 


room 


unchanged,  except 
browning  of  stem  and 
slight  loss  of  texture 


Mushnxrms 


sofigy,  Hat  tasting  and 
considerable  bleaching 


l..ettuce 


unchanged,  slight  yellow 
discoloration 


Cauliflower,  diced 


room 
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Storage  1 
Conditions* 

Temp 

(*C) 

Time 

(days) 

r(X)m 

264 

room 

238 

room 

207 

room 

127 

nK)m 

91 

room 

63 

room 

1.36 

+  4 

74 

+  4 

83 

Butter 

5 

room 

97 

preserved,  but  off  taste; 
no  rancidity 

3 

glass 

Margarine 

4 

room 

79 

preserved,  but  off  taste; 
no  ranciiity 

glass 

Lard 

1 

room 

182 

unchanged,  no  rancidity 

8 

glass 

Olive  Oil 

6 

room 

201 

unchang«‘d 

10 

glass 

Cream  Cheese 

2 

mom 

66 

unchanged;  olT- taste 
after  irradiation  disiip- 
peared  in  storage 

4 

tinfoil 

Camembert 

1 

room 

82 

preserved,  ripening  pro¬ 
cess  armsted;  taste  more 
like  Cheddar 

2 

tinfoil 

preservation  and  sterilization: 

While  the  energy  is  cold  energy 
it  is  of  very  considerable  intensity. 
The  use  of  such  cold  energy  makes 
it  possible  to  treat  products  at  tem¬ 
peratures  well  below  freezing  and 
in  any  physical  state — raw,  partly 
or  fully  cooked. 

The  application  of  high  intensi¬ 
ties  for  ultra-short-times  accom¬ 
plishes  the  selective  elimination  of 
micro-organisms  and  enzyme  ac¬ 
tivity  which,  under  such  conditions, 
in  many  cases  runs  ahead  of  un¬ 
desirable  side  reactions. 

Highly  accelerated  electrons  pen¬ 
etrate  to  a  considerable  depth,  de¬ 
pending  upon  the  voltage.  Further¬ 
more,,  they  release  more  energy 
underneath  the  surface  than  on 
the  surface.  These  characteristics 
permit  the  treatment,  of  ready- 
packed  items  without  breakage  of 
the  container  and  with  minimum 
energy  loss  within  the  wall  of  the 
container,  provided  the  density  and 
the  wall  thickness  of  the  container 
materials  are  kept  within  reason¬ 
able  limits. 

High  accelerating  voltages,  nec¬ 
essary  for  the  preservation  of  bulky 
materials,  will  not  give  rise  to  nu¬ 
clear  reactions,  thus  eliminating 
the  danger  of  artificial  radioac¬ 
tivity. 

The  possibility  of  large-volume 
processing,  due  to  the  high  dis¬ 
charge  rate  and  good  efiiciency, 
make  commercial  application  of  the 
capacitron  feasible  and  attractive 
in  many  fields. 

The  author  gratefully  acknowl¬ 
edges  the  assistance  rendered  by 
the  staff  of  Electron  ized  Chemicals 
Corporation  in  carrying  out  this 
work.  In  addition,  he  is  indebted 
to  Alexander  Astrack  Jr.,  who  con¬ 
ducted  many  of  the  food  experi¬ 
ments. 


FRUITS 


Storage 

Conditions* 


Un¬ 

treated 

Sample 

Etecay 

(days) 


Appearance, 
Taste,  Odor 


Con¬ 

tainer 


unchanged 


Pineapple,  sliced 


plastic 


room 


unchanged 


Coconut,  sliced 


well  preserved,  but  slight 
loss  in  texture  and  some^ 
browning 


Peaches,  sliced 


unchanged,  except  for 
some  browning 


room 


unchanged, except  for 
slight  loss  in  texture 


Blueberries 


unchanged,  except  for 
slight  loss  in  texture 


Raspl>erries 


preserved,  but  marked 
loss  in  texture  and  color 


[plastic 


Strawberries 


unchanged 


Cherries,  sweet 


room 


preserved,  but  some  loss 
of  aroma  and  sweetness 


Orange  Juice 


unchange<l 


Orange-Gra  pefrui  1 1 
Juice  I 


room 


room  I  134  uinchanged 


Grapefruit  Juice 


Table  IV — Capacitron  Sterilization  of  Dnigs 


Contami 

nation 


Impulses 
(10-*  Sec) 


Thiamine  HCl 


Protein  Hydrolysate 


Penicillin-\a 


B.  subtilis 
fungi  spores 


Streptomycin-H:SO, 


B.  subtilis 


Testosteron 


B.  subtilis 


Prolactane 


Pituitary  Hormone 


(inknown 


Hyaluronidase 


unknomD 
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Clarase 


aluminum 


unknown 


aluminum 


unknown 


6.  subtilis 


Ribofla 


0.07mg/gm 


Pyridoxine 


Pantothenic  .kcid 


O.lOrag/gm 


l0.35mg/gm| 


electronics  — Atore/i,  1949 


A' 

Potency  | 

Untreated 

Treated 

4.6  mg/cc 

4.4  mg/cc  g 

. 8 

bio 

Fig 

wit 

rec 

cei 

tra 


A  RECEIVER  operating  in  the  460- 
t  470  me  band  is  ultimately 
limited  in  sensitivity  by  the  thermal 
noise  associated  with  the  antenna 
resistance  and  circuit  components, 
and  the  shot  noise  due  to  the  tubes. 
A  satisfactory  receiver  for  the 
Citizens  Service  should  limit  on 
noise  and  have  a  good  noise  figure. 

Figure  1  shows  the  block  diagram 
upon  which  the  present  design  was 
based.  The  preamplifier  was  used 
in  the  interest  of  improved  noise 
figure,  but  also  improves  image  re¬ 
jection  and  reduces  local  oscillator 
radiation.  The  following  assump¬ 
tions  were  made: 

(1)  10-db  gain  in  the  preampli¬ 
fier. 

(2)  Unity  power  gain  in  the  con¬ 
verter. 

(3)  250-kc  effective  bandwidth 
to  receive  the  200-kc  channel  width 
allowed  by  FCC  specifications.  This 
allows  for  the  dt  0.02  percent  toler¬ 
ance  for  class-A  operation  and 
rt:  25-kc  deviation  of  the  carrier. 

(4)  10-db  noise  figure. 

(5)  10,000-ohm  converter  plate 
load. 

80 


The  available  thermal  noise 
power  is  4.1  X  10'”  watt  per  cycle 
per  second.*  For  our  bandwidth, 
the  thermal  noise  power  is  1.025  X 
10‘**  watt.  On  the  assumption  of 
10-db  preamplifier  gain,  10-db  noise 
figure,  and  unity  power  gain  in  the 
converter,  the  noise  voltage  across 
the  10,000-ohm  converter  plate  load 
is  32  microvolts. 

This  noise  must  be  amplified  to 
the  1-volt  level  in  three  i-f  stages. 
The  required  gain  is  31,200  overall 
or  31.5  per  stage.  This  gain  is 
readily  obtained  at  15  megacycles 
using  tubes  of  the  6AU6  type. 

Typical  operation  for  the  6AU6 
is  as  follows :  Et  =  Ett  =  100  volts, 
JE7„  =  —  1  volt,  /*  =  5.2  ma,  /«  = 
2.0  ma.,  =  3,900  /imho.  Using 
these  parameters,  the  load  resist¬ 
ance  for  a  gain  of  31.5  is  8,090 
ohms. 

Four  tuned  circuits  enter  the 
bandwidth  considerations.  These 
are  the  converter  plate  tuned  circuit 
and  the  three  i-f  amplifier  tuned 
circuits.  The  converter  plate  tuned 
circuit  will  be  considerably  broad¬ 
ened  by  the  plate  resistance  of  the 


6J4  converter  and  the  last  i-f  tuned 
circuit  by  the  loading  action  of  the 
limiters.  From  these  considerations, 
only  the  first  two  i-f  amplifier  tuned 
circuits  determine  the  total  band¬ 
width. 

For  two  single-tuned  circuits,  the 
bandwidth  factor  for  3-db  down  is 
0.64,  making  the  bandwidth  per 
stage  390  kc.*  This  requires  a  cir¬ 
cuit  Q  of  38  and  a  capacitance  of  50 
/i/if  per  stage  for  the  desired  band¬ 
width  and  gain. 

Circuit  Details 

Limiting  is  accomplished  by  two 
1N35  germanium  diodes  biased  at 
0.5  volt.  The  limiter  clips  both 
positive  and  negative  peaks  exceed¬ 
ing  0.5  volt.  This  circuit  is  about 
equivalent  to  two  stages  of  con¬ 
ventional  limiting. 

The  limited  signal  then  is  fed 
into  another  6AU6  i-f  amplifier 
which  drives  a  Foster-Seeley  dis¬ 
criminator  employing  lN35’s  as  de¬ 
tectors.  An  inverse  frequency  net¬ 
work  is  included  for  reception  of  a 
phase-modulated  carrier. 

Figure  1  shows  the  complete 
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Part  II 


ox  a  Series 


Troasmittar  and  rocalTW  ior  465  moeocyclM.  Tha  quortar-waya  rocaiying  antenna 
is  at  th*  lower  leit.  Local  oscUlator  power  lor  the  receiyer  (bottom)  is  taken  from 

the  transmitter  (top) 


RECEIVER  for  the 


WALTER  C.  HOLLIS 

Radio  Engineer 
Sperry  Oyroecope  Co.* 


Undvrrivw  oi  tranunittcr  and  r*c«iT«r.  showing  coupling  to  transmitter  doubUr  coritr 
rosonator  for  rocoivor  locol-oscillator  power.  The  two  coil  forms  at  left  of  the  receieer 
(bottom)  form  the  discriminator  transformer 


Citizens  Radio  Service 


Circuit  operation  and  construction  details  for  a  465-megacycle  superheterodyne  receiver 
for  operation  in  conjunction  with  the  transmitter  described  in  November  1947  Electron¬ 
ics.  Grounded-grid  input,  cavity  resonators,  and  crystals  in  limiter  and  discriminator  aid 
in  design  of  a  small-size  unit  for  portable  operation 


block  diagram  of  the  receiver  and 
Fig.  2  is  the  schematic  diagram, 
without  the  audio  system.  The 
received  signal  is  fed  in  the  re¬ 
ceiver  from  the  antenna  coaxial 
transmission  line  to  the  input  jack, 
A.  The  input  is  tuned  by  L,  a 
short  length  of  transmission  line, 
and  the  tube  input  capacitance.  No 
tuning  adjustment  is  required  as 
the  Q  of  the  input  circuit  is  ex¬ 
tremely  low  due  to  the  low  driving 
impedance  of  the  6J4  grounded- 
grid  amplifier  Vi. 

Impedance  matching  is  accom¬ 
plished  by  tapping  down  the  line, 

•  The  equipment  described  was  pro- 
auced  by  Mr.  Holiis  as  an  Independent 
consultant  to  the  McOraw-Hili  Publlsh- 
■n*  'Company.  For  a  full  account  of 
*^*^prRONics  Citizens  Radio  Project,  see 
P  SO  of  the  November  1947  issue. 


LOCAL 
OSCILLATOR 
(IN  TRANSMITTER) 


PIG.  1 — Block  diagram  of  the  roceiver.  Power  supply  and  a-f  ciroiits  are  separoto 
from  the  chassis  illustrated  In  the  accompanying  photographs 
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ANTENNA 


Ri,  Ru,  Rjr-100,  1/2  w,  AUen-Bradley 
Rr-3%,  1/2  w,  Allen- Bradley 
R»,  R,»,  Ru-170,000,  1/2  w,  AUen- 
Bradley 

R«-1.000,  1/2  w.  AUen-Bradley 
I^,  Ri,  Rii,  Rir~130,  1/2  w,  AUen- 
Bradley 

R.,  R^  R,i.  Rir-7,500,  1/2  w,  AUen- 
Bradley 

Rt.  Rio»  Ri7»  R*a~50,  1/2  w,  AUen- 
Bradley 

Rii-30,000,  1  w,  Allen-Bradlev 
R«-22,000,  1/2  w.  Allen-Bridley 
Ra.  R»-100,000,  1/2  w,  \llen-Bradley 


FIG.  2 — Detailed  circuit  of  the  receiver  showing  values  of  compo- 


Li.  Capacitor  C,  is  provided  for 
d-c  blocking  when  used  with  an 
antenna  or  signal  generator  having 
a  d-c  return. 

The  plate  resonator  circuit  for 
the  grounded  grid  preamplifier  con¬ 
sists  of  L«  and  C*.  These  constitute 
a  resonator*  similar  to  that  used 
in  the  transmitter  and  shunt  fed 
through  Lt,  C4,  and  C..  Grid  bias 
is  supplied  by  Ri,  bypassed  by  Ci. 
Chokes  Lt  and  L„  bypassed  to 
ground  by  C„  place  the  filament  at 
cathode  potential. 

The  converter,  F*,  is  another  6J4 
operated  with  grounded  grid.  The 
amplified  signal  is  inductively 
coupled  from  the  preamplifier  plate 
resonator  through  coupling  loop 
Local  oscillator  power  is  fed  in 
series  with  the  amplified  signal." 


The  oscillator  voltage  is  developed 
across  self-resonant  choke,  Lt.  Grid 
bias  is  developed  across  Rt  bypassed 
by  Cl.  Local-oscillator  power  is  fed 
in  at  half  frequency  (225  me)  and 
doubling  is  accomplished  in  the 
converter. 

The  intermediate  frequency  of 
15  me  is  developed  in  the  plate 
resonant  circuit,  Lm,  C,®.  Plate 
decoupling  is  accomplished  by 
Rt,  Co.  The  i-f  signal  is  coupled 
into  the  grid  of  the  first  i-f  ampli¬ 
fier,  Vi  through  Cn,  R».  Tube  V,  is  a 
6 AUG  operating  as  a  normal  pen¬ 
tode  amplifier.  The  amplified  i-f 
signal  is  developed  across  Ln,  Cu. 
Plate  decoupling  is  accomplished  by 
R»  C,i ;  grid  bias  is  developed  across 
Rs  bypassed  by  C,,.  Coupling  to  the 
second  i-f  stage  is  through  C,«,  L,.. 


The  second  and  third  i-f  stages, 
F«  and  F,  are  identical  with  the 
first.  Inductors  L,s  and  Lu  are  self¬ 
resonant  grid  chokes  employed  to 
provide  zero  audio  gain  to  overcome 
a  troublesome  audio  oscillation  due 
to  feedback  through  the  plate  de¬ 
coupling  networks. 

The  signal  level  in  the  third  i-f 
plate  circuit  L,s,  C»  is  sufficient  for 
limiting.  The  limiter  is  coupled 
through  C„  andi^is,  and  consists  of 
two  1N35  diodes  oppositely  biased 
to  0.5  volt  through  the  voltage  drop 
across  Ru  and  Ru,  bypassed  by  Cr 
and  Cm  respectively.  A  dropping 
resistor  Ru  limits  the  current  to 
5  ma.  A  closed  circuit  jack  is 
used  for  limiter  current  monitor¬ 
ing;  C»  bypasses  it  to  ground. 

The  fourth  i-f  amplifier,  F„  is 


Cl,  Cj,  C4,  C«,  C7,  C«,  Ctr-1,000  fi/A, 
Erie  button  mica.  Type  370BB 
C*-10/iAd,  silvered  mica 
C»-3-15  mmT,  E.  F.  Johnson,  type  160- 
107 

C»,  Cij,  Ci»,  Cu,  Ci7,  Cli,  Cjo,  C«,  Cb, 
C»4,  C»7,  Cl*,  Cl*,  C**,  Cii,  Cm 
Centralab  Type  D6-.502 
Cu,  Cu,  Ci»-36  ftfA,  silvered  mica 
Cii,  Cu,  Cti,  Cm,  Cm— 130  silvered 

mica 

Cm-20  nnf,  silvered  mica 
Cm-3  mmL  silvered  mica 
Cm,  Cm-100  ft  fit,  silvered  mica 


LOCAL 
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OSCX’-ATni^ 
(FROM  TRA7.3MITTER1 


AUDIO 

OUTPUT 


La,  L«,  L«-see  text 

Lt,  L«,  L«,  Lt,  Lf-12  turns  No.  22 
enamelled,  close-wound  on  1 /2-watt 
Allen-Bradle>'  resistor,  100,000  or 
larger,  dipped  in  Gl^ptal 

Lj-154  turns  No.  22  enamelled,  close- 
wound  on  1-watt  Allen-Bradley 
resistor,  100,000  or  larger,  dipped  in 
Glyptal 

Lio,  Lii,  Lij,  L»,-16  turns.  No.  30,  heavy 
Fc»invar,  close-wound  on  Millen 
form  No.  69041 

Lii,  L14-IOO  turns.  No.  34  heavy  For- 
mex  close-wound  on  Stackpole  G-Y 


core,  0.25  x  7/8',  coated  with  Glyptal 
Li»-2l  tiuns.  No.  22  enamelled,  close- 
wound  on  National  XR-50  form 
LiT-Bitilar  winding,  each  winding  10 
turns  No.  26  heavy  For  invar,  double 
spaced 

Feed-through  terminals  1  to  16-Vitro- 
seal  Corp.  Terminal  No.  1901-9-1./- 
HT 

Jj-LlG-58/U  r-f  jack 

Ji-Closed-circuit  phone  jack 

V,.  V,-6J4 

V,.  V4,  V»,  Vr^AU6 

Yi,  Yj,  Y»,  Y4-IN35  crystal 


nents.  At  current  net  prices,  the  cost  oi  parts  is  approximately  $40 


driven  by  limited  voltage.  The  out-  12i  x  2i  inches.  All  tubes  and 

put  voltage  is  developed  across  L,,.  components  are  miniature.  Each 

This  output  voltage  drives  a  Fos-  stage  is  individually  shielded  and 

ter-Seeley  discriminator  consist-  the  preamplifier  plate  resonator  is 

ing  of  Lit,  Yt,  Yi,  R^t,  R»,  built  into  the  chassis.  All  i-f  coils 

Cm,  Cm,  and  coupling  elements  Cm  are  slug-tuned  and  accessible  for 

and  Rm.  Units  Y,  and  Y,  are  1N35  tuning  from  the  top  of  the  chassis, 

diode  detectors.  Opposing  output  except  for  the  discriminator  coils 

voltages  are  developed  across  Rm  which  are  accessible  from  the  rear, 

and  Rzi.  An  inverse  frequency  net¬ 
work  for  reception  of  a  phase-mod¬ 
ulated  carrier  is  formed  by  Rm  and  The  assumed  preamplifier  and 
Cm.  converter  gain  were  not  achieved. 

Plate  decoupling  between  stages  For  the  optimum  adjustment  of 

is  accomplished  through  Rm,  Cm,  the  r-f  portion  of  the  receiver, 

Rto,  Cm,  Ri,  C16,  and  i?,.  Cm  The  fil-  there  are  at  least  four  interacting 

ter  formed  by  R^,  and  Cm  effectively  parameters  to  adjust.  These  are 

decouples  any  resonance  in  the  plate  (1)  output  loop  size,  L.,  which  di¬ 
supply.  rectly  affects  (2)  the  tap  position 

As  shown  in  the  photographs  the  on  L,,  and  (3)  local-oscillator  drive 

receiver  chassis  measures  only  pow'er,  a  function  of  (4)  the  con- 


Performance 
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AF  IN  KILOCYCLES 


FIG.  3 — Bandpaii  choractarirtic  oi  the 
receiver  i-f  stages 
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Figure  4  shows  the  limiter  char¬ 
acteristic.  Output  voltage  as  meas¬ 
ured  across  Rm  is  plotted  against 
limiter  current.  It  is  seen  that 
effective  limiting  occurs  above 
0.1-ma  limiter  current.  Increas¬ 
ing  limiter  current  to  1.0  ma  pro¬ 
duces  only  3.3-db  more  in  output. 

Figure  5  shows  the  discriminator 
characteristic  taken  at  0.5  ma  of 
limiter  current.  The  characteristic 
is  essentially  linear  over  =fc  100 
kilocycles.  The  slope  at  resonance 
is  0.08  volt  per  kilocycle,  producing 
2  volts  peak  for  25-kilocycle  devia¬ 
tion,  which  is  sufficient  to  drive  a 
low-power  audio  amplifier. 


verter  cathode  resistor,  Rt. 

Another  difficult-to-determine 
parameter  is  the  impedance  re¬ 
flected  at  the  signal  frequency  by 
the  local  oscillator  across  the 
choke  coil,  Lt.  The  length  of  trans¬ 
mission  line  (5  inches)  was  chosen 
so  that  under  assumed  maximum 
limits  of  terminating  loop  induct¬ 
ance  (tap  on  first  doubler  resona¬ 
tor),  the  input  impedance  at  465 
me  would  be  a  short  circuit  or  a 
capacitive  reactance.  As  choke  Lt 
presents  a  capacitive  reactance  at 
465  me,  an  inductive  reactance 
presented  at  input  to  coaxial  cable 
could  produce  resonance  and  ab¬ 
sorb  much  signal  power. 

The  r-f  stages  were  adjusted  in 
the  following  manner:  A  Measure¬ 
ments  Corp.  model  84  signal  gen¬ 
erator  was  connected  through  a 
coaxial  cable  to  the  input  jack  Ji. 
and  an  0-1  milliammeter  plugged 
into  /«.  A  loop  size  was  chosen 
for  L«  and  the  local  oscillator  ad¬ 
justed  to  produce  a  computed  bias 
of  5.8  volts  across  R^.  With  suffi¬ 
cient  output  voltage  from  the  sig¬ 
nal  generator  to  produce  limiter 
current,  the  preamplifier  tuning 
adjustment,  C»,  was  adjusted  for 
maximum  limiter  current.  The 
local  oscillator  tuning  was  then 
adjusted  for  maximum  limiter  cur¬ 
rent.  Several  tap  positions  were 
then  tried  and  the  signal  generator 
level  for  minimum  detectable  lim¬ 
iter  current  noted.  This  process 
was  repeated  for  other  loop  sizes 
for  Lt.  This  process  admittedly 
adjusts  for  maximum  gain,  not 
signal  to  noise  ratio. 

A  loop  size  of  1§  by  I  inch  made 
of  No.  14  tinned  copper  wire  for 


Lt  was  determined  as  a  reasonably 
goqd  adjustment.  For  this  size 
loop,  the  antenna  was  tapped  di¬ 
rectly  to  the  cathode  terminal  of 
Fi.  A  bias  voltage  of  3.5  volts 
across  R,  was  optimum  and  a  de¬ 
tectable  limiter  current  was  ob¬ 
served  from  an  input  of  10  micro¬ 
volts.  An  image  rejection  of  30 
decibels  was  observed.  A  bench- 
to-bench  talking  test  using  a 
bread-board  version  of  the  trans¬ 
mitter  described  in  the  November 
issue  of  Electronics  showed 
highly  intelligible '  reception. 

With  no  i-f  regeneration,  the 
gain  was  insufficient  to  obtain 
limiter  current  on  noise.  It  was 
found,  however,  that  the  receiver 
was*  critical  as  to  the  grounding  of 
the  shield  cover.  The  receiver  is 
normally  quite  stable,  but  at  times 
it  was  possible  to  obtain  a  slight 
amount  of  regeneration  which 
brought  the  noise  up  to  a  readable 
level.  Under  these  conditions, 
assuming  no  decrease  in  i-f  band¬ 
width,  the  noise  figure  measured  20 
decibels  above  theoretical.’ 

Figure  3  shows  the  i-f  bandpass 
characteristic.  This  was  measured 
by  feeding  an  i-f  signal  in  at  the 
local  oscillator  input.  Under  this 
condition,  the  converter  stage 
operates  as  an  i-f  amplifier.  This 
has  a  minor  effect  due  to  differences 
in  the  plate  resistance  between  con¬ 
verter  and  amplifier  operation. 
For  this  measurement,  the  limiter 
current  was  maintained  constant  at 
0.5  ma.  The  ratio  of  input  voltage 
expressed  in  decibels  is  plotted 
against  deviation  from  the  center 
frequency.  The  bandwidth  for  3-db 
down  is  250  kc,  the  objective. 


Constructional  Dotoils 

Figure  6  shows  chassis  details. 
The  chassis  is  constructed  entirely 
of  1 /32-inch  sheet  brass.  Each 
stage  is  enclosed  within  its  own 
shield  formed  by  partitions  soft- 
soldered  into  the  chassis.  Each 
partition  has  a  cut-out  to  clear  the 
tube  socket.  The  preamplifier  plate 
resonator  is  formed  by  two  parti¬ 
tions,  into  one  of  which  a  IS-inch 
length  of  i  inch  x  1/32-inch  wall 
brass  tubing  is  soldered. 

A  shield  cover  of  1 /32-inch  sheet 
brass  is  securely  fastened  to  the 
chassis  with  3-48  screws.  Two 
screws  are  used  in  each  partition 
to  produce  a  complete  electrical 
shield  between  each  stage.  The 
chassis  and  cover  are  cadmium 
plated  to  resist  corrosion. 

Button  mica  capacitors  and  feed¬ 
through  terminals  are  soft-sol¬ 
dered  into  the  plated  chassis.  Units 
C«  Lb  and  C,  are  then  assembled  into 
the  center  conductor  of  the 
resonator.  Capacitor  C,  is  mounted 
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LIMITER  CURRENT  IN  MILLIAMPERES 


FIG.  5 — Discriminator  charactoristic  when 
limiter  current  is  0.5  milliampere 


FIG.  4 — Output  Toltaqe  across  Ba  in  the  discrimiaotor  load  circidt  (Fig.  2)  plotted 

against  limiter  current 
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SECTION  B-B 


SECTION  A-A 


Capacitor  C*,  0(mI  La»,  Li7-l/4'  hole 
Coils  Lis,  Lii,  Lis,  Lis,~  5/16'  hole 
Jack  Jr3/8'  hole 

Tube  sockets  Vi  to  Vs-21/32'  hole,  #3  drill  spaced 


HOLE  SPECS: 

Jack  Ji-9/16'  hole 

Connector  hole  B-#31  drill 

Holes  1  to  16-3/16'  drill 

Capacitors  Ci,  Ci,  C;,  Ci7-29/64'  hole 


FIG.  6 — Mechanical  details  of  receiver  chassis,  including  those  oi  shield  partitions.  Section  A-A  at  the  right  is  the  plate  resonator  of 

the  r-f  preamplifier  stage 


second  harmonic  space  current  at 
a  d-c  cathode  current  of  15  ma. 
An  optimum  bias  voltage  of  3.5 
corresponding  to  9-ma  cathode 
current  was  observed.  This  indi¬ 
cates  increased  conversion  trans¬ 
conductance  could  be  achieved  by 
reducing  the  value  of  Rt,  staying 
within  maximum  plate  dissipation 
(2.25  watts)  of  the  6J4. 

Another  relatively  simple  im¬ 
provement  would  be  to  change  the 
6J4  converter  into  a  15-mc  ground¬ 
ed-grid  amplifier.  The  input  im¬ 
pedance  would  present  approxi¬ 
mately  the  optimum  load  for  a  sili¬ 
con  crystal  converter  which  could 
be  incorporated  into  the  preampli¬ 
fier  resonator. 


on  the  chassis  and  the  uprights 
soldered  to  the  center  conductor. 
Coil  Lx  is  a  length  of  No.  14  tinned 
copper  bus"  wire  spanning  the 
cathode  terminal  of  V,  and  the 
terminal  on  Ci.  It  is  spaced  about 
i  inch  above  the  chassis. 

The  components  should  next  be 
mounted  and  the  receiver  wired  in 
the  normal  manner.  All  grounds 
are  made  to  the  same  point  within 
each  stage;  for  example,  Cxi,  Cu, 
Cxt,  and  Lxt  are  all  grounded  to  the 
same  point  as  terminals  No.  2  and 
No.  3  on  the  tube  socket  for 
grounded  to  shield  partition. 

The  secondary  winding  of  the 
discriminator  transformer,  L,,,  con¬ 
sists  of  two  interlaced  windings 
spaced  one  wire  diameter.  One  set 
of  opposite  ends  of  the  winding  are 
tied  together  to  form  the  center  tap. 
The  other  set  of  opposite  ends  feed 
the  1N35  crystal  diodes.  This  con¬ 
struction  automatically  permits 
the  tuning  slug  to  affect  both 
windings  nearly  equally,  thus 
maintaining  an  approximate  in¬ 
ductance  balance. 

All  shielded  filament  and  plate 
leads  are  covered  by  copper-shielded 
wire.  Precision  Tube  Co.,  No.  22 
Lenz  Aeroglas,  in  0.101  OD  by  0.009 
wall  tubing. 


A  signal  generator  tuned  to  15 
me  is  connected  to  the  local  oscil¬ 
lator  cable.  Care  must  be  taken  to 
carefully  shield  this  lead.  A  0-1 
ma  meter  is  plugged  into  J,.  Coils 
Lxe,  Lxx,  Li3,  and  Lxs  are  tuned  for 
maximum  meter  current.  A  high 
resistance  d-c  voltmeter  is  next 
connected  from  terminal  No.  3  to 
ground  and  L„  tuned  for  maximum 
deflection.  The  voltmeter  lead  is 
then  moved  from  terminal  No.  3  to 
No.  1  and  L,t  adjusted  for  a  null. 
This  completes  the  i-f  alignment. 

A  signal  generator  is  next  con¬ 
nected  through  a  coaxial  cable  to 
the  input  jack,  J,.  Local  oscillator 
power  at  225-mc  (4,166.667-kilo- 
cycle  crystal)  is  fed  in  through  the 
local  oscillator  coaxial  cable  by  tap¬ 
ping  the  center  conductor  of  the 
cavity  resonator  of  the  first  doubler 
stage  of  the  transmitter  through  a 
10-/i/if.  mica  capacitor,  see  Fig.  2. 

The  local  oscillator  power  is  ad¬ 
justed  to  produce  3.5  volts  across 
R,  by  adjusting  the  tap  position 
or  tuning  of  the  first  doubler  of  the 
transmitter. 

One  possible  improvement,  re¬ 
quiring  no  circuit  change,  is  a 
reduction  in  the  resistance  of  Ri. 
The  value  of  390  ohms  was  com¬ 
puted  on  the  basis  of  maximum 
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p  419,  July  1944. 

(2)  C.  E.  Dean,  Bandwidth  Factors  for 
Cascade  Tuned  Circuits,  Electronics, 
July  1941. 
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PIG.  1 — In  thii  t!«w  of  tho  laboratory,  tho  control  tost  oquipmont  racks  Ulustrortod  in  Fig.  2  appoar  at  loft.  Tho  lino-isolotion 

ampUfiors  aro  mountod  oa  fho  walls 

Television 

Receiver  Laboratory 


Design  of  test  facilities,  shielding,  and  filtering  for  a  development  laboratory.  An  oscil¬ 
loscope  adapter,  line-isolating  amplifiers,  safety  boxes  for  c-r  tubes  and  the  construction  of 

the  shielded  room  are  among  the  features 


IN  THIS  PLANT,  the  television  re¬ 
ceiver  development  program  is 
carried  out  in  part  in  the  general 
laboratory  area,  with  the  main  ac¬ 
tivity  taking  place  in  a  special  re¬ 
ceiver  room,  a  small  camera  room, 
two  shielded  rooms,  and  an  adjacent 
space  with  impedance-measuring 
lines  suitable  for  use  at  40  me  to 
250  me. 

The  main  television  room  is 
shown  in  Fig.  1.  In  addition  to  a 
number  of  7,  10  and  16-inch  direct- 
view  receivers  and  one  10-inch  indi¬ 
rectly-viewed  experimental  receiver, 
one  15  and  two  10-inch  diameter 


By  FRANK  R.  NORTON 

Principal  Research  Bnpineer 
Bendix  Radio  Divieion 
Bendix  Aviation  Corporation 
Baltimore,  Maryland 


cathode-ray  tubes  may  be  seen  on 
the  benches  in  safety  boxes.  These 
are  plywood  boxes  with  sloping 
fronts,  having  a  safety-glass  win¬ 
dow  the  full  size  of  the  tube  screen. 
They  are  provided  with  readily  ad¬ 
justable  deflection-yoke  and  focus- 
coil  mounts. 

In  one  safety  box,  a  second  focus 


coil  and  deflection  yoke  have  been 
mounted  remote  from  those  around 
the  neck  of  the  tube.  By  switching 
from  one  set  of  coils  to  the  other 
(with  brightness  control  turned 
down  to  avoid  burning  a  spot  on  the 
screen)  the  undeflected,  unfocused 
spot  can  be  conveniently  observed. 
This  is  of  interest  in  studying  asym¬ 
metry  of  the  spot  or  proper  adjust¬ 
ment  of  the  ion-trap  magnet.  Con¬ 
nections  to  a  receiver  chassis  can  be 
made  by  using  either  binding  posts 
or  a  multiple-pin  connector  mounted 
on  the  side  of  the  box.  The  front 
section  of  the  box  is  hinged  and  held 
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in  place  by  convenient  snap  catches 
to  facilitate  changing  tubes. 

Curtains  are  provided  for  dark¬ 
ening  one  end  of  the  room  without 
affecting  the  rest  of  the  laboratory. 
Fluorescent  ceiling  units  provide 
over  20  foot-candles  of  illumination. 
Lights  behind  the  curtains  can  be 
turned  off  separately,  and,  if  de¬ 
sired,  an  incandescent  unit  in  that 
area  can  be  adjusted  from  its  maxi¬ 
mum  light  output  to  any  lower 
brightness  by  means  of  a  Variac. 

Test  Instruments 

The  first  essential  equipment  of  a 
television  laboratory  is  a  television 
synchronizing  generator,  prefer¬ 
ably  one  complying  with  RMA 
standards*.  The  second  major  re¬ 
quirement  is  a  dependable  source  of 
picture  signals  such  as  those  ob¬ 
tained  from  a  monoscope  or  other 
test  pattern  which  remains  fixed 
while  adjustments  are  made  and 


which  can  always  be  used  to  observe 
the  geometric  distortion,  resolution, 
contrast,  focus  and  general  quality 
of  the  received  picture. 

An  electrical  bar  or  grating  pat¬ 
tern  generator  is  needed  to  accu¬ 
rately  and  rapidly  adjust  sweep 
linearity.  The  pattern  generator  sig¬ 
nals  provide  a  grating  of  horizontal 
and  vertical  bars  accurately  spaced 
in  time.  Thus  their  distances  apart 
on  the  picture  screen  show  the 
sweep  speed  averaged  over  each 
time  interval  between  bars.  The 
pattern  can  be  chosen  so  as  to  pro¬ 
duce  squares  when  the  aspect  ratio 
is  correct  and  then  the  linearity  and 
amplitude  of  the  sweeps  can  be 
quickly  adjusted. 

A  mpnoscope  camera  (such  as  the 
one  at  the  top  of  the  right  hand 
rack  in  Fig.  2)  generally  includes 
an  amplifier  which  mixes  blanking 
signals  with  the  picture  signal. 
Either  its  output  or  that  of  some 


FIG.  2 — Cratral  r«c*iT«r  tMt  •quipmcnt. 
Th«  rack  at  l*it  contatiu  tb*  sync  ganara- 
tor.  In  tb*  cantor  rock  or*  th*  laboratory 
picturo  monitor,  distribution  and  lino  ampli- 
iiors.  a  linoority  tost  gonorotor,  and  picturo 
monitor  and  mqposcopo  comora  powor  sup- 
plios.  Tho  right-hand  rack  mounts  tbo 
monoscopo.  a  transmittor.  a  noiso  gon- 
erator.  ond  lino-isolation  ampliiior  powor 
supply 

other  camera  or  picture  signal 
source  is  then  put  into  a  line  ampli¬ 
fier  where  sync  pulses  are  added  to 
produce  a  standard  RMA*  composite 
picture  signal.  This  composite  vi¬ 
deo  signal  should  then  be  monitored 
by  a  laboratory  picture  monitor  and 
a  waveform  monitor.  For  complete 
receiver  testing,  a  laboratory  tele¬ 
vision  .transmitter  is  necessary  if 
locally  broadcast  picture  signals  are 
not  available. 

A  noise  generator  to.  provide  a 
known  and  controllable  amount  of 
various  types  of  noise,  such  as  ther¬ 
mal  noise,  but  more  particularly 
impulse  noise  similar  to  ignition 
noise,  is  also  needed  to  permit  study 
of  noise  limiting  and  sync  interfer¬ 
ence  and  other  important  receiver 
characteristics. 

In  Fig.  2,  the  RMA  sync  gener¬ 
ator  occupies  the  left-hand  rack.  Its 
outputs  are  made  available  both  on 
the  central  racks  and  at  seven  line- 
isolation  amplifiers  mounted  in 
boxes  on  the  wall  above  the  benches 
at  convenient  locations  around  the 
laboratory.  These  locations  are 
connected  through  RG  59/U  coaxial 
lines  to  the  central  racks.  The  coax¬ 
ials  and  d-c  power  connections  for 
each  line-isolation  amplifier  are  run 
in  ducts  mounted  along  the  walls 
near  the  ceiling  with  branches 
down  to  each  box.  From  each  box 
two  coaxial  cables  run  directly  to 
the  central  jack  panel  shown  at  the 
center  of  Fig.  2.  Signals  can  be 
sent  from  any  part  of  the  room  to 
any  other  location  by  making  a  suit¬ 
able  connection  at  the  jack  panel. 
This  saves  time  and  avoids  having 
lines  remain  on  the  floor. 

The  picture  on  the  monitor  at  top 
center  of  Fig.  2  is  not  retouched. 
The  actual  picture  resolution  and 
contrast  as  viewed  directly  are  ex¬ 
cellent,  even  with  the  room  brightly 
lighted.  An  aluminized  10-inch 
cathode-ray  tube  is  used  at  about 
14  kilovolts,  giving  about  200  foot- 
lamberts  brightness  in  the  high¬ 
lights.  A  neutral  density  filter  in 
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the  safety  glass  over  the  tube  has  composite  picture  signals  or  camera  not  serious  since  the  phase  response 
anly  46-percent  light  transmission,  output  signals.  Slightly  different  is  excellent. 

The  ambient  room  illumination  is  cij^cuit  values  were  used  for  con- 
thus  attenuated  before  it  strikes  the  venience. 

screen.  Thus  the  picture  still  looks  The  polarity  of  the  input  signals 
bright  and  the  contrast  is  not.  ap-  on  the  first  and  last  circuits  are 
preciably  impaired  when  the  room  black  negative  so  the  output  jacks 
is  fully  lighted.  are  marked  —  on  the  cathode  and 

A  small  broadband  scope  near  the  -I-  on  the  plate  to  indicate  the  out- 
racks  is  used  as  a  waveform  moni-  put  signal  polarity.  The  middle 
tor  and  doubles  as  a  test  oscillo-  three  circuit  jacks  are  marked  with 
graph.  However,  it  is  desirable  to  the  -I-  on  the  cathode  and  —  on  the 
have  a  rack-mounted  waveform  plate  to  indicate  whether  the  output 
monitor  which  is  always  available  is  the  same  or  the  opposite  polarity 
when  needed.  ‘  from  the  applied  input. 

The  test  transmitter  shown  on  the  The  maximum-  output  level  is 
right-hand  rack  in  Fig.  2  is  crystal  about  0.6  volt  peak-to-peak  if  corn- 
controlled  for  the  desired  channel,  pression  is  to  be  avoided.  This 
The  output  stage  uses  a  grid-modu-  level  is  often  insufficient,  but  a  few 
lated  832A  tube  with  a  2-inch  c-r  booster  amplifiers  used  on  the  bench 
monitor  directly  connected  to  the  as  needed  have  been  found  satisfac- 
plate  coil.  A  balanced  mutual-in-  tory.  Other  engineers  may  prefer 
ductance  type  attenuator  is  used,  to  use  more  distribution  amplifiers 
giving  a  continuously  adjustable  whose  outputs  can  be  patched  from 
output  from  100,000  to  1  microvolt  central  racks  to  any  location  de- 
with  a  direct-reading  dial.  This  sired.  This  line-isolation  amplifier 
balanced  output  appears  on  two  system  provides  a  multiplicity  of 
coaxial  jacks,  at  an  impedance  level  outputs  always  available  at  each 
of  50  ohms  to  ground  from  either  location.  Larger  output  tubes  were 
side,  or  100  ohms  from  side  to  side,  not  used  because  the  total  B  current 
This  is  very  convenient  in  receiver  drain  of  the  isolation  amplifiers 
testing.  would  become  excessive. 

. .  ...  »  The  coaxial  line  to  the  amplifiers 

Lme-ltolation  Amplifiers  .  ,  ,  .  ,  .. 

IS  looped  into  one  after  another,  the 

The  line-isolation  amplifiers  amplifier  inputs  being  simply 
shown  in  the  schematic  of  Fig.  3  bridged  across  the  line  except  at  the 
have  five  type  6J6  tubes,  one  for  last  amplifier,  where  the  line  must 
each  of  the  five  independent  circuits,  be  accurately  terminated  to  avoid 
Both  plate  and  cathode-coupled  out-  reflections  which  may  become  seri- 
puts  (either  polarity  of  the  applied  ous  if  there  is  an  appreciable  mis- 
signal)  are  available  at  coaxial  match.  A  small  coaxial  cable  of  the 
jacks  on  the  front  of  the  box.  The  length  used  here  has  about  3-db  loss 
first  three  circuits  are  intended  for  at  5  me.  The  output  of  the  ampli- 
pulse  signals  such  as  sync,  blanking,  fiers  is  practically  flat  to  beyond  5 
camera  driving,  and  the  last  two  for  me  except  for  the  line  loss,  which  is 


Oscilloscope  Adapter 

An  oscilloscope  adapter  is  shown 
in  Fig.  1  on  the  rear  bench  at  the 
left-hand  side.  It  may  be  conven¬ 
iently  used  with  any  broad-band 
oscilloscope  to  increase  its  utility  in 
television  development  work.  Its 
schematic  diagram  is  shown  in  Fig. 
4.  The  aefapter  is  used  to  supply  a 
60-cycle  calibrating  voltage  to  the 
input  probe  to  compare  in  amplitude 
with  the  signal  under  test,  and  to 
supply  a  variable  sweep  voltage  to 
provide  sufficient  sweep  velocity  to 
view  only  a  few  lines  of  a  television 
signal.  This  is  also  adjustable  in 
phase;  any  desired  portion  of  the 
signal  may  be  expanded  for  close 
examination.  The  unit  also  pro¬ 
vides  a  double  trace  on  the  oscillo¬ 
scope  at  a  30-cycle  rate  for  study  of 
the  interlace  of  a  television  signal, 
and  provides  a  broadband  (6-mc) 
video  mixing  amplifier  with  two 
inputs. 

The  sweep-voltage  waveform  is  a 
trapezoid,  produced  from  a  60-cycle 
sine  wave  which  is  adjustable  in 
phase  over  about  360  degrees.  The 
slope  or  velocity  may  be  varied  to 
allow  only  a  few  lines  of  a  television 
signal  to  be  viewed  if  desired. 
Blanking  for  the  oscilloscope  is  pro¬ 
duced  by  differentiating  the  sweep 
to  avoid  bright  spots  on  the  screen 
where  the  beam  would  otherwise 
dwell  during  the  time  between  the 
fast  sweep  intervals. 

In  using  the  unit,  compression  of 
the  positive  trace  may  occur  due  to 
nonlinearity  in  the  amplifier  if  the 
trace  separation  is  widened  too  far. 
The  phase  shifter  is  quite  satisfac¬ 
tory  but  an  autosyn  resolver  would 
give  even  more  constant  output 
amplitude  and  make  it  possible  to 
adjust  the  phase  continuously  ir. 
any  direction.  The  present  arrange¬ 
ment  is  limited  to  360  degrees  and 
has  a  slight  variation  in  amplitude 
with  phase. 
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Shielded  Rooms 

The  screen  rooms  are  somewhat 
unusual  in  that  hardware  cloth  with 
i-inch  mesh  is  used  for  both  the 
inner  and  outer  screens  on  the 
usual  wooden  2x4  frames.  The 
relatively  open  mesh  permits  ex¬ 
cellent  interior  illumination  by 
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FIG.  3 — Circuit  of  lino-UolatioB  ompUlior 
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FIG.  4 — Circuit  of  oscilloKopo  adapter 


!  I  SHIELOEO  SCREEN 
!  ROOM 


fluorescent  light  fixtures  suspended 
just  over  the  enclosure,  thus  elim¬ 
inating  any  radio  interference  due 
to  them  and  not  loading  the  special 
filtered  power  circuit  to  the  room. 
The  open  mesh  also  permits  a  free 
circulation  of  fresh  air  from  an 
anemostat  over  the  screen  room. 

The  galvanized  steel  wires  of  the 
hardware  cloth  are  bonded  at  every 
intersection,  and  it  is  believed  that 
the  efficiency  of  the  screen  in  elim¬ 
inating  radio  interference  will  be 
higher  over  a  period  of  years  than 
for  a  fine  mesh  copper  screen,  which 
is  likely  to  corrode  in  time  and 
cause  poor  contact  between  wires. 

In  constructing  the  rooms,  care 
was  exercised  to  solder  all  joints  in 
the  hardware  cloth.  Joints  around 
the  door  between  the  screen  on  the 
door  and  that  on  the  main  frame 
are  doubly  sealed  by  bronze 
weather-stripping  on  both  the  door 
and  the  frame,  on  both  the  inner 
and  outer  sides.  No  connection 
anywhere  between  the  inner  and 
outer  screens  was  permitted  except 
for  the  single  conduit  which  carries 
power  wires  and  coaxial  cable  cir¬ 
cuits. 

A  schematic  of  the  filters  for  one 
of  the  screen  rooms  is  shown  in 
f’ig.  5.  With  this  arrangement  the 


1 1  T-"*  mesh 
}-J*---SCREEN  WIRE 


BUILDING  GROUND 


FIG.  5 — Power  line  and  rideo  input  filters  for  the  shielded  room 


screen  room  provides  more  than  matic)  have  15-mc  low-pass  filters 
70-db  attenuation  anywhere  within  in  small  boxes  on  both  the  outside 
the  room  with  respect  to  a  signal  and  the  inside  of  the  room.  Thus 
level  measured  just  outside  the  any  video  signals  (including  color 
room,  throughout  the  frequency  picture  signals)  can  be  transmitted 
range  from  20  to  250  me.  without  distortion  of  the  signal  and 

The  main  power  fuse  and  switch  without  any  interference  being  in¬ 
box  for  each  room  is  mounted  out-  troduced  into  the  screen  room  at 
side  the  door,  with  a  red  lamp  to  present  television  i-f  or  carrier 
indicate  when  the  power  is  on.  The  frequencies. 

60-cycle  shielded  transformer  and  The  author  wishes  to  acknowledge 
all  the  wiring  are  enclosed  in  metal  the  •  contributions  made  by  many 
boxes  or  conduit.  A  motor-driven  engineers  and  technicians  associ- 
voltage  regulator  supplies  a  con-  ated  with  him,  particularly  those  of 
stant  117  volts.  W.  B.  Wilkens  and  J.  E.  Mackenzie, 

The  two  r-f  filter  sections  are  and  the  encouragement  and  assist- 
made'  resonant  at  widely  different  ance  of  A.  C.  Omberg,  chief  re¬ 
frequencies,  and  seem  to  be  quite  search  engineer, 
effective  throughout  the  spectrum. 

Chokes  L,  and  L,  in  the  r-f  filters  References 

are  multinle-layer  solenoids  wound  d)  Reiwrt  of  Sub-Committee  on  studio 
,  ,  .  ,  ,  .  ,  .  ,  Facilities  of  Conunittee  on  Television 

With  large  rectangular  wire  to  avoid  Transmitters,  Dec.  4,  1946  and  drawinK, 

,  _  j  ,  ..  _  Recommended  Synchronizine:  Generator 

heating  and  keep  the  line  voltage  waveforms,  Oct.  9,  1946.  rma  Data 

drop  low.  (2)  Report  of  Sub-Committee  on  Studio 

Two  coaxial  lines  into  the  screen 

Liine  Ampliner  Standara  Output,  Oct.  9, 

room  (only  one  is  shown  in  the  sche-  rma  Data  Bureau. 
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Airborne  Engine  Analyzer 

Electronic  instrumentation  for  aircraft  engine  trouble  shooting  insures  greater  safety  and 
efficiency  of  operation.  Special  circuits  provide  cathode-ray  display  of  ignition  and  vibra¬ 
tion  patterns  rogardless  of  engine  speed 


By  VINCENT  C.  CETRONE 

A»ai»tant  Product  Bupineer 
Sperry  Gyroaoope  Co.,  Inc. 
Great  Neok,  N.  T. 


Engln*  analyBcr  installed  in  plans  at  rear  of  pilot's  soot  near  flight  snginssr's  desk 


Although  many  engine  malfunc- 
I  tions  are  not  serious  enough 
to  prevent  aircraft  from  flying, 
present-day  commercial  practice  re¬ 
quires  that  all  engines  on  even  mul¬ 
ti-engine  ships  be  in  as  nearly 
perfect  condition  as  possible  before 
the  plane  is  permitted  to  take  off. 

As  a  result  of  these  high  stand¬ 
ards  of  maintenance,  and  because 
no  easy,  accurate,  and  rapid  method 
has  been  devised  to  enable  mainte¬ 
nance  crews  to  quickly  locate  engine 
malfunctions,  airlines  have  often 
found  it  necessary  to  withhold  an 
aircraft  from  active  service  for 
many  hours  and  even  days  because 
one  or  more  causes  of  engine  irregu¬ 
larities  could  not  be  located. 

Estimates  of  the  loss  in  revenue 
to  an  airline  caused  by  the  ground¬ 
ing  of  a  large  ship  range  as  high  as 
$37,000  per  day.^  Although  in  some 
cases  this  constitutes  merely  a 


paper  loss  it  is  none  the  less  true 
that  the  dollar  loss  caused  by  an  air¬ 
craft  being  grounded  is  consider¬ 
able,  and  when  added  to  the  pas¬ 
senger  ill-will  invariably  incurred 
when  flights  are  delayed  or  can¬ 
celled  the  situation  becomes  of  con¬ 
siderable  importance  to  any  flrst- 
class  airline. 

The  importance  of  the  problem 
has  been  recognized  for  some  time, 
and  much  work  has  been  done  in  the 
development  of  methods  designed  to 
expedite  maintenance  work  to  the 
utmost. 

Functions  Performed 

The  two  principal  functions  of 
the  engine  analyzer*  are:  the  loca¬ 
tion  and  identification  of  engine 
ignition  system  malfunctions  such 
as  fouled  plugs,  faulty  magneto  ca¬ 
pacitors,  and  grounded  high-tension 
leads;  and  the  location  and  identi¬ 


fication  of  what  might  be  termed 
vibration  faults,  such  as  detonation, 
incorrect  valve  clearances,  and  valve 
bounce.  Records  show  that  approxi¬ 
mately  50  percent  of  all  engine 
faults  are  caused  by  ignition 
troubles  alone.* 

It  should  be  noted  that  the  engine 
analyzer  is  installed  as  a  permanent 
part  of  the  aircraft’s  flight  equip¬ 
ment  and  consequently  is  available 
not  only  to  the  maintenance  crews 
while  the  ship  is  on  the  ground, 
but  is  also  constantly  available  to 
the  flight  engineer  so  that  he  can 
check  the  power  plant  whenever  he 
has  an  opportunity  or  whenever  he 
believes  a  fault  is  developing.  Ex¬ 
perience  has  shown  that  checks 
made  during  actual  flight  often  re¬ 
veal  faults  not  detectable  by  ground 
test  methods.  ^ 

Ignition  Check 

To  understand  how  ignition  faults 
are  revealed  it  is  necessary  to  dis¬ 
cuss  the  operation  of  a  typical  air¬ 
craft-engine  ignition  system. 

Without  considering  the  details 
involved,  we  can  state  that  at  the 
instant  the  magneto  breaker  points 
are  opened  by  the  engine-driven 
magneto  cam  mechanism,  a  high 
value  of  magnetic  flux  has  been 
built  up  in  the  iron  core  structure 
of  the  magneto  by  the  action  of  the 
magneto’s  permanent  magnet  rotor. 
Then  as  the  breaker  points  separate, 
this  magnetic  field  suddenly  col¬ 
lapses,  generating  a  very  high  volt¬ 
age  in  the  secondary  winding  of  the 
magneto  which  is  connected  to  the 
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FIG.  2 — Block  diagram  oi  engine  analyser 


includes  the  resistance,  inductance  characteristics  have  been  studied 
and  stray  capacitance  of  the  sec-  by  building  in  various  faults  such 
ondary  circuit,  including  the  effect  as  fouled  plugs  on  a  test  engine, 
of  ionization  in  the  spark-plug  gap, 
and  the  breakdown  and  extinction 
voltages  of  the  plug.  The  charac¬ 
teristics  of  the  oscillation  will  be 
determined  by  these  quantities  and 
it  follows  that  if  one  of  them,  say 
the  secondary  resistance,  should 
change  from  its  normal  value  to 
some  higher  or  lower  value,  then  the 
resulting  oscillation  would  suffer  a 
change  in  one  or  more  of  its  char¬ 
acteristics  such  as  its  frequency,  or 
spark  plugs  through  the  distributor,  rate  of  damping. 

It  is  this  voltage  that  fires  the  spark  It  has  been  found  that  in  ignition 
plugs.  systems  nearly  all  of  the  common 

During  the  time  that  the  breaker  malfunctions  are  accompanied  by 
points  are  open  and  the  spark  dis-  some  significant  change  in  one  or 
charge  is  taking  place  the  engine  more  of  the  electrical  parameters 
analyzer  makes  its  analysis  of  con-  constituting  the  oscillatory  circuit, 
ditions  existing  in  the  ignition  sys-  Consequently,  it  is  necessary  only  to 
tem.  The  spark  discharge  sets  into  establish  the  oscillation  character- 
motion  a  highly  oscillatory  circuit,  istics  .occurring  in  a  completely 
This  circuit  comprises  the  resist-  normal  engine,  and  then  to  estab- 
ance  and  inductance  of  the  magneto  lish,  similarly,  the  characteristics 
primary  as  well  as  the  primary  produced  by  the  various  ignition 
capacitance  located  in  parallel  with  malfunctions.  The  effect  of  the 
the  breaker  points.  The  circuit  also  malfunctions  upon  the  oscillation 


SINGLE- PHASE 
VAR!«8LE-ANGLE 
SYNCHRONIZING 
VOLTAGE 


Breaker-Point  Voltage 

In  order  to  study  the  oscillations, 
it  is  necessary  to  specify  a  method 
of  measuring  them.  In  the  engine 
analyzer  this  is  done  by  measuring 
the  voltage  appearing  across  the 
breaker  points  during  the  time  they 
are  open,  and  the  actual  evaluation 
of  the  characteristics  is  made  visu¬ 
ally  by  observing  the  resulting  igni¬ 
tion  patterns  on  a  cathode-ray  type 
indicator.  The  voltage  across  the 
breaker  points  is  chosen  because  it 
rarely  exceeds  200  volts. 

It  should  be  noted  that  an  isolat¬ 
ing  resistor  of  several  thousand 
ohms  value  is  placed  between  one  of 
the  magneto  breaker  points  (the 
other  breaker  point  being  grounded 
in  a  normal  engine  installation)  and 
the  analyzer.  This  resistor  prevents 
any  short  circuit  or  ground  condi¬ 
tion  that  might  occur  inside  the 
analyzer  from  affecting  the  opera¬ 
tion  of  the  magneto. 

Analysis  of  vibration  faults  re- 
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FIG.  1 — Simplliied  circuit  diagram  oi  syn¬ 
chronising  Toltags  generator 
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quires  use  of  a  magnetostriction- 
t3rpe  vibration  pickup.  The  essen¬ 
tial  parts  of  this  device  are  a  small 
permanent  magnet  surrounded  by  a 
winding  of  many  turns  of  copper 
wire,  and  a  suitable  housing  to  con¬ 
tain  the  magnet  and  coil.  One  end 
of  the  winding  is  connected  to  the 
case  of  the  pickup  which  is  subse¬ 
quently  grounded,  while  the  other 
end  is  brought  out  by  means  of  a 
helical  spring  connector  and 
shielded  cable  arrangement.  The 
entire  unit  is  mounted  on  the  out¬ 
side  of  the  cylinder,  the  threaded 
pickup  stud  being  located  in  a  hole 
tapped  into  the  thermocouple  boss. 
The  stud  does  not  go  through  the 
cylinder  wall  into  the  cylinder  itself, 
but  extends  a  short  distance  into  the 
mounting  boss. 

As  the  engine  operates,  vibrations 
are  set  up  in  the  cylinder  walls; 
these  vibrations  in  turn  cause  the 
entire  magnetostriction  pickup  to 
vibrate  since  it  is  attached  to  the 
cylinder.  The  vibrations  set  up  in 
the  pickup  produce  stresses  in  the 
permanent  magnet,  and  since  this 
magnet  is  made  of  a  highly  mag- 
netostrictive  metal,  these  stresses 
cause  the  magnetic  flux  of  the 
magnet  to  vary  in  intensity,  induc¬ 
ing  a  voltage  in  the  winding  sur¬ 
rounding  the  magnet.  This  voltage 
is  equal  in  frequency  to  the  frequ¬ 
ency  of  the  vibration,  and  propor¬ 
tional  in  amplitude  to  the  amplitude 
of  the  vibration.  Consequently,  by 
its  strategic  location  on  the  engine 
cylinder,  the  pickup  is  able  to  pro¬ 
duce  a  voltage  which  is  character¬ 
istic  of  cylinder  vibrations  caused 
by  detonation  and  valve  bounce. 


tionary  on  the  cathode-ray  tube,  contacts  are  insulated  from  each 

Each  complete  pattern  for  a  other  electrically  but  are  arranged 
given  cylinder,  whether  it  be  due  to  so  that  they  can  be  rotated  around 
ignition  or  vibration,  occurs  once  the  continuous  resistor  as  a  single 
during  each  cycle  of  engine  events,  unit,  one  arm  always  remaining  180 
The  initiation  of  the  horizontal  degrees  from  the  other, 
sweep  of  the  cathode-ray  tube  is 
synchronized  with  the  rotation  of 
the  engine.  As  the  engine  rotates 
through  one  complete  cycle  of  events 
(two  revolutions)  the  horizontal 
sweep  is  initiated,  and  the  pattern 
appears  stationary.  Furthermore, 
if  the  sweep  speed  is  such  that  dur¬ 
ing  two  revolutions  of  the  engine 
the  electron  spot  moves  from  the 
left  to  the  right  side  of  the  tube, 
then  it  is  clear  that  the  ignition  pat¬ 
terns  for  all  the  cylinders  will  ap¬ 
pear  one  after  the  other  along  the 
tube’ face. 

The  patterns  will  begin  at  the  left 
with  the  pattern  for  the  cylinder 
whose  firing  corresponds  to  the 
angular  position  of  the  crankshaft 
at  the  instant  of  initiation  of  the 
sweep.  That  ignition  patterns  for 
all  the  cylinders  will  appear  on  the 
screen  is  seen  from  the  fact  that 
in  two  revolutions  of  the  engine  the 
magneto  breaker  points  must  open 
a  number  of  times  exactly  equal  to 
the  number  of  cylinders.  One 
vibration  pattern  for  one  cylinder 
will  occupy  the  entire  length  of  the 
trace,  since  one  complete  vibration 
pattern  requires  two  engine  revolu¬ 
tions  for  its  completion. 

Figure  1  shows  the  circuit  used 
in  generating  the  signal  which  is 
ultimately  used  for  initiating  the 
sweep  in  proper  synchronism  with 
the  engine.  The  generator  is  a 
small  3-phase  permanent  magnet 
alternator  that  is  connected  to  one 
of  the  engine’s  auxiliary  tachometer 
drives.  The  alternator  is  wound 
as  a  two-pole  machine  and  hence 
delivers  one  complete  cycle  of  alter¬ 
nating  voltage  per  revolution  of  its 
rotor.  Since  the  tachometer  drive 
operates  at  half  the  engine  speed, 
the  frequency  of  the  resulting  3- 
phase  voltage  in  cycles  per  second 
is  numerically  equal  to  half  the 
speed  of  the  engine  in  revolutions 
per  second.  This  3-phase  voltage  is 
applied  as  shown  to  a  continuous 
resistor  wound  uniformly  in  a  circu¬ 
lar  configuration.  The  continuous 
resistor  is  arranged  so  that  it  is 
contacted  at  two  points  180  degrees 
apart  by  two  contact  arms.  These 


Phasing  Control 

It  can  be  shown  that  with  an  ar¬ 
rangement  of  this  sort  a  single¬ 
phase  voltage  will  appear  across  the 
two  contact  arms,  the  frequency  of 
this  voltage  being  equal  to  that  of 
the  3-phase  voltage  and  the  phase 
angle  with  respect  to  the  3-phase 
voltage  being  dependent  only  upon 
the  angular  position  of  the  two 
contact  arms  on  the  continuous 
resistor. 

The  contact  arms  are  attached  to 
a  shaft  equipped  with  a  detent 
mechanism  so  arranged  that  as  the 
shaft  is  rotated  by  means  of  a  knob 
the  contact  arms  are  moved  around 
the  circular  resistor  in  discrete 
steps.  A  dial  used  in  connection 
with  the  knob  is  inscribed  with 
numbers  spaced  over  the  360-degree 
travel  of  the  knob,  one  number  for 
each  cylinder.  The  numbers  of  the 
cylinders  appear  around  the  dial 
in  the  sequence  of  the  particular 
engine’s  firing  order.  By  turning 
the  knob  from  one  cylinder  number 
to  the  next,  the  phase  angle  of  the 
single-phase  voltage  across  the  con¬ 
tact  arms  is  shifted  with  respect  to 
the  3-phase  generator  voltage,  or 
what  is  the  same,  with  respect  to  the 
angular  position  of  the  crankshaft, 
by  an  amount  equal  to  the  number 
of  crankshaft  degrees  between  the 
occurrence  of  an  event  in  one  cylin¬ 
der  and  the  occurrence  of  the  same 
event  in  the  next  cylinder. 

The  circular  resistor,  the  contact 
arms,  and  the  knob  and  dial  ar¬ 
rangement  are  assembled  as  one 
unit  known  as  the  cylinder-cycle 
switch.  For  a  given  setting  of  the 
cylinder-cycle  switch,  the  phase 
angle  of  the  single-phase  voltage 
with  respect  to  the  crankshaft  will 
remain  fixed  regardless  of  varia¬ 
tions  in  engine  speed.  This  re¬ 
quirement  obviously  must  be  met  in 
the  present  application,  and  repre¬ 
sents  the  principal  reason  for  using 
this  type  of  circuit  rather  than  one 
of  many  possible  arrangements  in 
which  the  phase  shift  would  be  de¬ 
pendent  not  only  upon  the  setting 
of  one  or  more  circuit  parameters. 


Sweep  Requirements 

To  understand  the  operation  of 
the  analyzer  it  should  be  noted 
that  there  are  two  voltages  that 
must  be  displayed  on  a  cathode-ray 
tube  screen.  These  are  the  voltage 
from  the  magneto  breaker  points, 
and  the  voltage  from  the  vibration 
pickup.  Each  of  these  signals  is 
applied  to  the  vertical  defiection 
circuit  of  the  cathode-ray  tube.  This 
leaves  only  the  horizontal  circuit  of 
the  cathode-ray  tube  to  be  consid¬ 
ered. 

In  order  to  examine  either  the 
ignition  or  vibration  voltages,  it  is 
clear  that  the  patterns  formed  by 
these  voltages  must  appear  sta- 
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but  would  also  be  a  function  of  the 
varying  frequency  supplied  by  the 
generator  as  engine  speed  varies. 

Block  Diagram 

The  block  diagram  of  Fig.  2 
shows  the  complete  operation  of  the 
analyzer. 

Three  signals  entering  the  ana¬ 
lyzer  from  the  engine  are  the  vibra¬ 
tion,  ignition,  and  3-phase  gener¬ 
ator  voltages.  The  vibration  and 
ignition  signals  go  into  the  condi¬ 
tion-selector  switch,  where  either 
one  or  the  other  is  chosen  by  the 
operator.  If  ignition  is  selected, 
the  signal  is  passed  to  the  vertical 
deflection  circuit  of  the  cathode-ray 
tube.  Since  the  amplitude  of  the 
voltage  appearing  across  the 
breaker  points  is  sufficient  to  pro¬ 
duce  ample  deflection  when  applied 
directly  to  the  cathode-ray  tube,  no 
amplification  of  the  ignition  signal 
is  necessary.  If  the  vibration  sig¬ 
nal  is  selected,  it  is  passed  through 
the  vibration  amplifier  and  then  to 
the  cathode-ray  tube.  Amplifica¬ 
tion  is  necessary  because  the  normal 
output  of  the  vibration  pickup  is 
only  a  small  fraction  of  a  volt. 


The  single-phase  sine  wave  devel¬ 
oped  from  the  3-phaae  generator 
enters  a  squaring  amplifier  followed 
by  a  differentiating  and  amplifying 
circuit  that  converts  the  square 
waves  into  one  positive  and  one 
negative  pulse  each  cycle.  The  posi¬ 
tive  pulses  are  used  to  trigger  the 
horizontal  sweep  circuit  once  each 
cycle,  or  once  for  every  two  revolu¬ 
tions  of  the  engine.  These  pulses 
trigger  a  conventional  sawtooth 
sweep  voltage  that  is  applied  to'  the 
horizontal  circuit  of  the  cathode-ray 
tube.  In  actual  operation  the  gen¬ 
erator  is  mounted  on  the  engine  in 
such  a  position  relative  to  the  angu¬ 
lar  position  of  the  tachometer  drive 
shaft  that  the  resulting  pulses  de¬ 
rived  from  the  cylinder-cycle  switch 
and  pulse-forming  circuits  will 
trigger  the  horizontal  sweep  at 
exactly  the  instant  the  magneto 
breaker  points  open  to  fire,  say,  the 
number  one  cylinder  if  the  cylinder- 
cycle  switch  is  set  to  that  cylinder. 
In  a  like  manner,  setting  the  cylin¬ 
der-cycle  switch  to  any  other  cylin¬ 
der  will  shift  the  position  of  the 
pulse  in  one  direction  or  the  other 
by  the  amount  necessary  to  cause 


initiation  of  the  sweep  to  occur  just 
as  the  breaker  points  open  to  fire 
that  cylinder. 

Having  achieved  the  ability  to 
initiate  the  sweep  just  as  the  de¬ 
sired  ignition  pattern  is  beginning 
to  form,  the  sweep  circuit  has  two 
adjustments  such  that  instead  of 
causing  the  electron  spot  merely  to 
move  across  the  tube  face  in  two 
revolutions  of  the  engine  it  will  also 
move  much  more  rapidly.  Thus 
instead  of  seeing  the  ignition  pat¬ 
terns  for  all  the  cylinders  one  after 
another,  only  the  pattern  of  the 
cylinder  being  examined  will  be 
visible ;  but  now  the  pattern  will  be 
greatly  expanded  horizontally  (and 
may,  indeed,  be  made  to  occupy  the 
entire  width  of  the  tube  face)  thus 
facilitating  analysis.  The  fast 
sweep  is  used  mostly  for  ignition 
analysis  where  it  is  desired  to  ex¬ 
pand  the  patterns  considerably, 
while  the  slow  sweep  is  used  mainly 
for  vibration  analysis  where  it  is 
more  desirable  to  view  the  pattern 
for  the  entire  cycle  of  cylinder 
events  as  one  pattern  rather  than 
to  have  it  broken  up  into  a  number 
of  expanded  sections.  The  slow 
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FIG.  4 — Typical  ignition  patteras  for  (A) 
normal  conditions.  (B)  fouled  plug.  (C)  open 
secondary.  (D)  magneto  breaker-point 
bounce,  ond  (E)  Tibration  pattern  of  a  nor¬ 
mal  cylinder 

sweep  setting  consequently  provides 
a  sweep  requiring  two  revolutions 
of  the  engine  for  its  completion. 

If  the  sweep  speed  is  maintained 
constant  at  either  the  fast  or  slow 
value  the  length  of  the  horizontal 
trace  will  decrease  as  the  engine 
speed  increases.  This  effect  results 
from  the  time  between  initiation  of 
successive  sweeps  being  inversely 
proportional  to  engine  speed.  For 
example,  a  3-inch  trace  at  1,000  rpm 


would  shrink  to  1-inch  length  at 
3,000  rpm.  To  remedy  this  condi¬ 
tion  an  automatic  sweep-length  con¬ 
trol  is  included.  In  effect  this  cir¬ 
cuit  measures  the  speed  of  the 
engine  by  measuring  the  frequency 
of  the  3-phase  generator  voltage 
and  adjusts  the  sweep  speed  accord¬ 
ingly.  As  the  engine  speed  increases 
the  sweep  speed  increases  corres¬ 
pondingly  to  maintain  the  length 
of  the  patterns  constant. 

Electronic  Circuits 

A  simplified  diagram  of  the  elec¬ 
tronic  apparatus  used  in  the  engine 
analyzer  is  shown  in  Fig.  3.  All 
the  electronic  circuits  with  the  ex¬ 
ception  of  the  cathode-ray  tube, 
which  is  located  ^remotely  are  con¬ 
tained  in  one  box  measuring 
approximately  8  x  10  x  9  inches. 

The  vibration  signal  is  amplified 
by  tubes  Vi  and  The  amplified 
signal  appearing  across  Rt  is  then 
applied  directly  to  one  of  the  verti¬ 
cal  deflection  plates  of  the  cathode- 
ray  tube,  the  other  plate  being 
grounded.  The  amplifier  is  en¬ 
tirely  conventional  except  for  the 
circuit  consisting  of  inductance  L, 
and  capacitor  C,.  This  circuit  is 
tuned  to  resonate  at  about  10,000 
cycles,  causing  the  amplifier  to  peak 
at  this  frequency.  It  has  been  found 
that  the  cylinder  vibrations  asso¬ 
ciated  with  detonation  and  valve 
events  occur  in  the  band  of  fre¬ 
quencies  lying  between  5,000  and 
15,000  cycles.  The  gain  is  adjust¬ 
able  from  zero  to  approximately 
10,000  by  means  of  Ri.  Feedback 
between  the  first  and  second  stages 
is  provided  by  R,  and  C,.  The  switch 
Si  is  provided  to  disconnect  the 
amplifier  from  the  upper  end  of  R, 
when  the  analyzer  is  used  for  igni¬ 
tion  analysis ;  this  is  necessary  since 
the  ignition  signal  entering  the 
electronic  unit  is  conducted  to  the 
cathode-ray  tube  by  the  same  cir¬ 
cuit  used  for  the  vibration  signal. 
In  the  actual  analyzer  this  switch 
takes  the  form  of  a  small  relay 
which  is  operated  by  the  condition- 
selector  switch. 

Considering  now  the  single-phase 
variable-angle  sine  wave  coming 
from  the  cylinder-cycle  switch  and 
entering  the  electronic  apparatus, 
the  voltage  is  amplified  in  the  first 
section  of  V,  and  subsequently  con¬ 
verted  into  a  square  wave  by  the 


second  section  of  V,  and  by  the  two 
sections  of  V«  which  follow.  Capaci¬ 
tor  Ct  and  resistor  iJ«  serve  te  differ¬ 
entiate  the  square  waves,  producing 
positive  and  negative  pulses.  These 
pulses  are  amplified  by  the  first 
section  of  V»,  resulting  in  positive 
pulses  of  approximately  50  micro¬ 
seconds  in  duration  and  150  volts  in 
magnitude,  and  also  negative  pulses 
that  serve  no  useful  purpose.  The 
positive  pblses  are  used  to  fire  the 
thyratron  V,  and  are  applied  to  its 
control  grid  through  and  R,.  One 
end  of  Ri  is  returned  to  R,,  as 
shown.  A  potential  of  about  48 
volts  is  developed  across  R„  and 
serves  as  the  negative  bias  which 
maintains  the  thyratron  in  a  non¬ 
conducting  condition  until  a  posi¬ 
tive  firing  pulse  arrives. 

Swtep  Length  Control 

The  first  section  of  Vt  is  supplied 
with  square  waves  from  Vt,  the 
frequency  of  these  square  waves 
being  equal  to  the  frequency  of  the 
3-phase  generator.  The  square 
waves  are  amplified  by  the  first  sec¬ 
tion  of  Ft  and  then  differentiated 
by  Ct  and  R„.  The  resulting  pulses, 
both  positive  and  negative,  are  ap¬ 
plied  to  the  grid  of  the  second  sec¬ 
tion  of  F,.  Since  one  end  of  i?,,  is 
connected  to  Rn,  the  grid  of  the 
second  section  of  Ft  is  biased  well 
beyond  cutoff  except  when  a  positive 
pulse  arrives.  Since  the  positive 
pulses  are  about  150  volts  in  magni¬ 
tude,  the  second  section  of  Ft  is 
forced  to  conduct  fully  during  the 
time  the  pulses  are  applied.  This 
current  flow  through  Ft  charges  the 
combination  of  C,  and  to  a  volt¬ 
age  the  average  of  which  is  deter¬ 
mined  by  the  frequency  of  the 
pulses.  Resistor  Rtt  and  capacitor 
C,  serve  to  filter  the  voltage  appear¬ 
ing  across  /?*»,  resulting  in  a  smooth 
d-c  voltage  that  is  almost  exactly 
proportional  to  the  frequency  of 
the  pulses,  or  in  other  words,  pro¬ 
portional  to  engine  rpm.  The  time 
constant  of  this  filter  is  about  two 
seconds.  The  values  Ri,  and  are 
so  proportioned  as  to  prevent  the 
voltage  between  the  cathode  and 
heater  of  Ft  from  exceeding  100 
volts,  which  is  the  limit  specified  by 
the  tube  manufacturer.  With  this 
arrangement  it  has  been  found  that 
the  d-c  voltage  appearing  across  C, 
is  virtually  independent  of  varia- 
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tions  in  the  tube  characteristics. 

The  purpose  of  tube  V,  is  to  amp¬ 
lify  the  voltage  appearing  across 
Ct.  By  properly  choosing  the  values 
of  the  components  used  with  V,  and 
V„  it  has  been  possible  to  make  the 
voltage  at  the  plate  of  the  second 
section  of  V,  almost  exactly  propor¬ 
tional  to  engine  speed  over  a  range 
of  speeds  from  1,000  to  3,000  rpm, 
and  it  is  this  voltage  that  controls 
the  sweep  length.  This  effect  is  ac¬ 
complished  as  follows:  the  voltage 
at  the  plate  of  V,  is  applied  through 
R,  to  capacitors  C,  and  Assum¬ 
ing  these  capacitors  to  be  uncharged 
at  the  start,  they  will  charge 
through  R^  in  the  usual  exponential 
manner.  The  voltage  appearing 
across  Ci  and  C,  is  applied  to  the 
cathode-follower  circuit  of  the  sec¬ 
ond  section  of  F,.  The  output  of  this 
cathode  follower  is  used  to  drive  the 
sweep  amplifier  consisting  of  tubes 
y,  and  y,o,  the  plates  of  which  are 
connected  to  the  horizontal  deflec¬ 
tion  plates  of  the  cathode-ray  tube. 
Two  capacitors  Ct  and  C„  provide 
the  fast  and  slow  sweep  speeds  men¬ 
tioned  above.  When  the  fast  sweep 
is  desired  only  Cs  is  used,  whereas 
when  the  slow  speed  is  needed, 
switch  St  is  closed,  adding  C*.  The 
velocity  of  the  sweeps  is  inversely 
proportional  to  the  value  of  capaci¬ 
tance  in  the  circuit.  Because  only 
the  linear  initial  portion  of  the  ex¬ 
ponential  charging  characteristic  is 
required  to  effect  the  complete 
sweep  from  left  to  right,  the  sweep 
speed  is  nearly  uniform  and  pro¬ 
portional  to  the  voltage  appearing 
at  the  plate  of  the  second  section  of 
V„  which  in  turn  is  proportional  to 
engine  speed.  Thus  the  sweep  speed 
is  proportional  to  engine  speed  and, 
since  the  time  for  one  sweep  is  in¬ 
versely  proportional  to  engine 
speed,  it  follows  that  the  trace 
length  will  remain  constant  even 
though  the  speed  of  the  power  plant 
varies. 

As  the  capacitors  charge  and  the 
sweep  reaches  the  end  of  its  travel, 
the  engine  completes  the  two  revo¬ 
lutions  started  at  the  time  the  sweep 
was  initiated,  and  the  thyratron  V, 
is  fired  by  the  pulse  discussed  ear¬ 
lier.  The  thyratron  discharges  C, 
and  C,  through  current-limiting  re¬ 
sistor  Rt  and  the  process  of  charg¬ 
ing  repeats ;  thus  a  linear  sawtooth 
sweep  voltage  is  generated.  Since 


it  is  desirable  to  be  able  to  adjust 
manually  the  actual  length  of  the 
sweep  that  is  to  be  maintained  by 
the  automatic  control,  resistor  Rn 
is  provided.  By  adjusting  .the  po¬ 
tential  of  the  grid  of  the  second 
section  of  V,  at  some  convenient  en¬ 
gine  speed,  the  plate  voltage  of  that 
tube  is  set  to  give  the  desired  length 
at  that  speed,  after  which  the  auto¬ 
matic  action  compensates  for  higher 
or  lower  speeds. 

Horizontal  centering  of  the  entire 
trace  is  accomplished  by  adjusting 

Rto. 

It  should  be  noted  that  the  com¬ 
ponents  comprising  the  sawtooth 
generator,  cathode  follower  and 
sweep  amplifier  were  chosen  so 
that:  (1)  the  minimum  voltage  ever 
appearing  on  C.  and  C,  at  the  end 
of  the  sweep  would  be  sufficient  to 
insure  reliable  firing  of  the  thyra¬ 
tron  when  the  pulse  arrives;  (2)  the 
maximum  voltage  ever  appearing  on 
Ci  and  C,  would  not  cause  exces¬ 
sive  current  to  flow  through  the 
thyratron;  (3)  the  maximum  en¬ 
ergy  ever  appearing  on  C,  and  C, 
would  be  low  enough  that  it  could  be 
dissipated  by  V,  and  R,  in  a  time 
that  is  very  short  compared  to  the 
shortest  sweep  time;  (4)  the  sweep 
voltage  applied  to  the  cathode-ray 
tube  would  be  linear  under  all  con¬ 
ditions;  (5)  the  maximum  voltage 
between  the  cathodes  and  heaters  of 
Vi,  V,  and  Vu,  would  never  exceed 
100  volts;  and  (6)  the  maximum 
ratings  of  all  components  would  not 
be  exceeded  under  any  condition. 

The  power  supply  used  in  this  ap¬ 
paratus  is  conventional. 

The  focus  and  intensity  of  the 
cathode-ray  tube  are  adjusted  by 
Rit  and  Rn  respectively. 

Typical  Results 

The  results  obtained  by  use  of  the 
engine  analyzer  can  best  be  shown 
by  means  of  photographs  of  the 
cathode-ray  screen  while  the  an¬ 
alyzer  was  in  operation. 

Figure  4  (A  through  E)  shows 
ignition  patterns  as  they  appear 
under  various  engine  conditions. 
Space  does  not  permit  a  detailed  dis¬ 
cussion,  of  each  photograph;  how¬ 
ever  it  has  been  possible  to  explain 
nearly  all  the  patterns  in  terms  of 
the  electrical  parameters  of  the 
ignition  system.  These  photographs 
apply  to  a  high-tension  system,  and 


while  the  corresponding  patterns 
for  a  low-tension  system  are  some¬ 
what  different  in  form,  they  too 
can  be  analyzed  and  used  in  the 
identification  of  faults.  While  only 
photographs  showing  normal  igni¬ 
tion,  fouled  plug,  open  secondary, 
and  breaker-point  bounce  have  been 
included,  numerous  other  patterns 
are  available  showing  such  condi¬ 
tions  as  shorted  secondary,  large 
plug  gap,  small  plug  gap,  shorted 
primary  capacitor,  no  combustion, 
and  magneto  mistiming.  Breaker- 
point,  bounce,  (Fig.  4D)  shows  a 
pattern  almost  exactly  like  the  one 
for  normal  ignition,  except  for  the 
sharp  pip  near  the  end  of  the  trace 
indicating  that  the  points  bounced 
open  at  that  time  after  closing  an 
instant  earlier. 

Figure  4E  shows  a  typical  normal 
cylinder  vibration  pattern.  It  will 
be  noted  that  there  are  four  dis¬ 
tinct  points  at  which  the  vibration 
rises  to  values  considerably  higher 
than  the  rest  of  the  pattern.  Count¬ 
ing  from  the  left,  these  points  rep¬ 
resent  (1)  the  closing  of  the  ex¬ 
haust  valve;  (2)  the  injection  of  the 
fuel;  (3)  closing  of  the  intake 
valve;  and  (4)  vibration  due  to  com¬ 
bustion.  When  any  of  these  cylinder 
events  become  abnormal,  the  par¬ 
ticular  portions  of  the  pattern 
change  greatly  in  magnitude.  Thus 
when  a  cylinder  detonates  (knocks) 
the  combustion  portion  of  the  pat¬ 
tern  increases  in  height  consider¬ 
ably.  With  a  little  practice,  one  can 
distinguish  at  a  glance  nearly  any 
vibration  abnormality. 
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Space-Charge 
Tetrode  Amplifiers 


Performance  of  developmental  space-charge  audio  output  tetrodes  is  compared  with  that 
of  6K6  pentodes,  6 V6  beam  pentodes,  and  45  triodes  in  push-pull  output  stages  of  high- 
quality  amplifiers.  Developmental  tubes  not  only  outperform  other  types,  but  also  require 

less  costly  components  and  simpler  circuits 
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N  THE  August  1947  issue  of  By  NORMAN  PICKERINB 


IN  THE  August  1947  issue  of 
Electronics  W.  S.  Brian  de¬ 
scribed  a  space-charge  grid  power 
output  tube  that  he  had  developed. 
In  cooperation  with  Brian,  a  num¬ 
ber  of  tests  were  made  in  which  the 
performance  of  these  tubes  in  a 
high-quality  amplifier  was  com¬ 
pared  with  that  of  some  standard 
tubes.  It  is  the  purpose  of  this 
article  to  report  the  results  of  these 
tests. 

An  amplifier  was  constructed  in 
which  provision  was  made  for 
changing  the  output  tubes,  every¬ 
thing  else  remaining  the  same.  Four 
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sets  of  output  tubes  were  tested — 
the  6K6  as  representative  of  a 
pentode,  the  GVG  as  a  beam  tetrode, 
the  45  as  a  triode,  and  the  new 
space-charge  tubes  under  discus¬ 
sion.  The  6V6  and  the  45  were  used, 
rather  than  the  6L6  and  2A3,  be¬ 
cause  their  power  capacity  is  of  the 
same  order  as  that  of  the  space- 
charge  tubes  available. 

The  standard  type  tubes  were 


FIG.  1 — Harmonic  and  intormednlotion  dis* 
tortion  Toniu  output  ior  mnistiTO  load 


FIG.  2 — Powor  output  and  harmonics  show 
loss  Torlotion  for  spaco-chorgo  tubes 
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quite  well  matched;  the  space- 
charge  tubes  were  quite  badly  mis¬ 
matched,  one  tube  having  about 
twice  the  power  output  of  the  other. 
This  circumstance  was  accidental, 
having  arisen  from  the  fact  that 
two  tubes  of  the  better  type  were 
not  available  among  the  experi¬ 
mental  models  constructed.  There¬ 
fore,  the  results  for  the  space- 
charge  tubes,  while  significant,  are 
by  no  means  optimum. 

The  nominal  rating  of  the  space- 
charge  tubes  used  was  2  watts  per 
tube.  Since  these  tubes  are  oper¬ 
ated  strictly  as  class-A  amplifiers, 
the  push-pull  amplifier  was  rated  at 
4  watts.  The  6V6  tubes  are  rated 
in  the  tube  manuals  at  14  watts 
under  the  conditions  used  in  these 
tests,  6K6’s  at  9.8  watts,  and  the 
45’s  at  12  watts.  In  these  experi¬ 
ments,  even  when  allowance  was 
made  for  the  losses  in  the  output 
transformer,  the  pentodes  and  beam 
power  tubes  failed  to  deliver  rated 
power. 

Measurements  were  made  on  all 
four  amplifiers  of  both  harmonic 
and  intermodulation  distortion 
versus  power  output.  The  optimum 
load  resistance  was  first  determined 
experimentally  and  that  value  used 
for  the  measurements.  In  the  case 
of  the  three  standard  tubes,  the  load 
resistance  thus  determined  agreed 
very  closely  with  the  published 
values.  The  push-pull,  space-charge- 
tube  amplifier  gave  the  greatest 
power  at  the  lowest  distortion  with 
a  plate-to-plate  load  of  20,000  ohms. 
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Figure  1  shows  the  curves  for 
harmonic  distortion  and  intermodu¬ 
lation  distortion  in  the  four  types  of 
tubes.  The  bumps  in  the  curves  for 
the  space-charge  tubes  are  caused 
by  the  mismatch  of  the  two  tubes. 
It  must  be  emphasized  that  these 
curves  were  plotted  with  the  tubes 
working  into  a  resistive  load,  with 
each  pair  working  into  its  own  best 
load  resistance.  To  evaluate  the 
performance  of  the  amplifier  work¬ 
ing  into  a  reactive  load,  such  as  a 
loudspeaker  or  cutting  head,  more 
extensive  tests  were  made. 


Comparison  of  Tubes 

Characteristics  of  the  four  types 
of  tubey  used  in  these  tests  are 
given  in  Table  1.  Several  interest¬ 
ing  conclusions  emerge  from  this 
comparison.  Dsmamic  plate  resist¬ 
ance,  transconductance,  amplifica¬ 
tion  factor  and  plate  supply  voltage 
are  listed  merely  to  describe  the 
tube  and  Its  condition  of  operation. 
The  design  engineer  will  find 
greater  interest  in  the  fifth  heading, 
whicli  shows  that  the  drain  on  the 
power  supply  is  greatest  with  the 
space-charge  tubes.  However,  since 
these  tubes  are  strictly  class-A 
amplifiers,  there  is  no  rise  of  plate 
current  toward  full  power  output, 
the  quiescent  plate  current  being 
the  maximum  plate  current ;  in 
the  three  other  types  of  amplifier 
there  is  a  plate  current  rise  of 
from  10  to  30  ma  at  full  power 
output.  This  plate  current  varia¬ 
tion  necessitates  a  power  supply 
having  fairly  good  regulation.  The 
supply  to  the  space-charge  tubes  can 
have  a  fairly  high  impedance  with¬ 
out  appreciable  detrimental  effect 
upon  performance. 

The  ultimate  power  output  repre- 


Thr««  amplliiart  undergoing  compariion  testa 


Harmonic  distortion  was  meas¬ 
ured  at  300  cycles  by  means  of  the 
high-pass  filter  method.  The  filter 
used  to  remove  the  fundamental  had 
an  attenuation  of  60  db  at  300  cy¬ 
cles,  and  less  than  1  db  at  600  cycles 
and  above.  The  harmonic  content 
was  indicated  on  a  vacuum-tube 
voltmeter  reading  rms  volts.  No 
attempt  was  made  to  analyze  the 
harmonic  content  of  the  output 
waveform.  Since  the  filter  and 
vacuum-tube  voltmeter  were  both 
flat  to  well  above  20kc,  it  was  as¬ 
sumed  that  all  significant  harmonics 
were  included  in  the  summation. 

measured 


well  as  the  magnitude  of  the  har¬ 
monics. 

A  word  should  be  inserted  here 
about  the  permissible  limits  of 
harmonic  and  intermodulation  dis¬ 
tortion  for  good  quality  amplifiers. 
For  many  years  5  percent  harmonic 
distortion  has  been  accepted  as  the 
tolerable  limit  for  good  amplifiers. 
This  limit  was  found  to  be  far 
too  lenient  for  even  medium-quality 
equipment,  especially  that  using 
beam-power  or  pentode  tubes,  since 
5  percent  harmonics  from  these 
tubes  is  much  more  objectionable 
than  5  percent  harmonics  from  tri- 
odes.  Instead,  it  seems  more  prac¬ 
tical  to  define  a  fair-quality  ampli¬ 
fier  as  one  having  2  percent  total 
harmonics  and  10  percent  intermod¬ 
ulation,  and  a  good  amplifier  as  hav¬ 
ing  2  percent  harmonics  and  5  per¬ 
cent  intermodulation.  Judged  by 
these  ratings,  many  commercial 
amplifiers  look  pretty  feeble. 


Intermodulation 
on  a  Pickering  Model  602  Inter¬ 
modulation  distortion  Meter.  In 
this  instrument,  measurements  are 
made  at  100  and  7,000  cycles,  with 
the  low-frequency  signal  12  db 
above  the  high-frequency  signal. 
The  percent  intermodulation  is 
specified  as  the  degree  of  modula¬ 
tion  of  the  7-kc  carrier  after  the  low 
frequency  has  been  filtered  out. 

It  is  felt  by  some  engineers  that 
harmonic  distortion  and  intermodu¬ 
lation  distortion  measurements  give 
essentially  the  same  results,  and 
therefore  that  there  is  no  point  in 
making  both  measurements.  It  is 
true  that  with  a  complete  wave 
analysis  and  hours  of  laborious  com¬ 
putation  the  intermodulation  in  an 
amplifier  can  be  predicted.  A  simple 
harmonic  distortion  measurement, 
however,  cannot  indicate  anything 
about  the  intermodulation,  since  the 
latter  is  dependent  on  the' order  as 
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Simplicity  and  low  coit  are  features  of  this  high-quality  space-charge  tetrode  amplifier 
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(ent*  the  power  that  the  load  con-  satisfy  this  requirement  would  de¬ 
lected  to  the  tubes  must  withstand  mand  a  zero-impedance  output 
n  the  event  of  accidental  overload,  stage,  which  is  ordinarily  impos- 
Much  more  significant  is  the  grid  sible.  In  practice,  however,  a  gen- 
^oltage  required  to  obtain  this  erator  impedance  equal  to  the 
[lower.  Here  the  triodes  compare  nominal  load  resistance  is  satis- 
tiadly,  while  the  space-charge  tubes  factory;  a  generator  impedance  less 
sre  found  to  be  even  better  than  the  than  this  value  is  even  better.  The 
pentodes  and  beam  tubes,  which  are  effective  output  impedance  was 
notably  easy  to  drive.  measured  by  first  observing  the 

The  efficiency  of  an  audio  ampli-  open-circuit  voltage  and  then  load- 
fier  has  been  defined  as  the  ratio  ing  the  amplifier  until  the  voltage 
of  the  power  output  with  5  percent  was  reduced  6  db,  or  60  percent.  At 
harmonic  content  to  the  d-c  power  this  point  the  load  resistance  and 
input.  *  generator  impedance  are  equal. 

The  figures  for  power  output  at  Table  I  shows  that  the  effective 
a  given  percentage  of  harmonic  dis-  generator- impedance  is  five  times 
tortion  are  greatly  at  variance  with  the  load  resistance  for  the  beam- 
the  published  literature  on  the  power  tube,  four  times  for  the  pen- 
standard  tube  types.  These  meas-  tode,  only  80  percent  for  the  triode, 
urements  were  carefully  made,  and  and  50  percent  for  the  space-charge 
all  recommended  operating  voltages  tubes.  This  property  of  the  space- 
adhered  to  very  closely.  It  is  felt  charge  tube  makes  the  bass  re- 
that  these  conditions  often  prevail  sponse  cleaner  and  free  from  hang- 
in  practice  regardless  of  the  results  over.  It  also  prevents  the  voltage 
obtainable  in  the  tube  laboratory.  rise  at  high  frequencies  which  is 

At  low  values  of  harmonic  dis-  characteristic  of  the  pentodes  and 
tortion,  the  space-charge  tubes  are  beam-power  tubes.  It  is  primarily 
about  twice  as  good  as  the  triodes.  to  obtain  this  damping  effect  that 
The  others  are  not  even  close  to  this  negative  feedback  is  used  with  the 
standard  of  performance.  However,  latter  types  of  tubes.  To  obtain 
from  the  intermodulation  stand-  the  same  damping  effect  with  the 
point,  the  triodes  are  about  1  db  6V6  tubes  which  is  inherent  in  the 
better  which  indicates  that  the  space-charge  tubes  20  db  of  feed- 
small  amount  of  harmonic  distortion  back  is  required, 
in  the  space-charge  tubes  is  of  a 
higher  order. 

The  figures  for  practical  efficiency 
are  rather  remarkable,  because  they 
show  the  triode  to  be  the  most 
efficient. 

The  effective  amplification  high¬ 
lights  the  weakness  of  the  triodes, 
and  also  brings  out  the  astonishing 
fact  that  the  6V6  with  an  amplifica¬ 
tion  factor  of  280  provides  a  useful 
gain  of  only  13.3.  The  space-charge 
tube,  on  the  other  hand,  realizes  a 
net  gain  of  16.6  with  an  amplifica¬ 
tion  factor  of  20.  This  is  another 
advantage  of  low  plate  resistance. 

The  effective  generator  imped¬ 
ance,  or  damping  factor,  is  a  most 
important  characteristic  of  a  power 
amplifier  that  is  used  to  drive  a 
loudspeaker.  This  impedance  should 
be  low  because  the  electromagnetic 
damping  of  a  loudspeaker  depends 
on  circulating  currents  through  the 
generator  impedance.  Furthermore, 
it  is  desirable,  when  working  into  a 
reactive  load,  to  develop  as  nearly 
as  possible  a  constant  voltage.  To 


Practical  Amplifiars 

Three  complete  amplifiers  were 
constructed  using  push-pull  6V6’s, 
45’s  and  space-charge  tubes.  Every 
effort  was  made  to  make  each  of  the 
amplifiers  of  as  high  quality  as  pos¬ 
sible.  A  great  deal  of  difficulty  was 


FIG.  4 — Intarmodolation  distortion  at  o 
function  of  powor  output  is  shown  for  thm 
amplifisrs 
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FIG.  3 — Thsss  frsqusncy  responss  curros  wars  obtainsd  from  amplifisrs  using  thrM 
types  of  tubes  with  both  resistiTs  and  loudspeaker  loads 
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load  impedance  ia  an  important 
advantage.  No  more  primary  in¬ 
ductance  in  the  output  transformer 
is  required  for  the  space-charge 
tubes  than  for  the  triodes.  A  value 
of  10  henries  is  quite  adequate  for 
response  within  1  db  to  30  cycles. 
The  beam-power  tubes,  on  the  other 
hand,  require  at  least  twice  the  in¬ 
ductance  for  equivalent  bass  re¬ 
sponse  into  a  resistive  load.  For 
the  same  core  structure,  the  trans¬ 
former  for  the  space-charge  tubes 
will  have  the  same  number  of  pri¬ 
mary  turns  and  half  the  number  of 
secondary  turns  as  the  triode  trans- 
This  construction  will  re- 


Table  I — Compariaon  of  Tube  Characteristics 


Dynamic  plate  reabtance  R,  at 
quiescent  operating  point,  otuns 
Transoonductance  at  quiescent 
operating  point,  micromnos 
Amplification  factor  m  {R,  XOm) 
Plate  supply  voltage 
Total  cathode  current  /„ 
milliamperes 

Total  d-c  power  supplied  to  tubes, 
(Ek  X  /«)  watts 
Optimum  load  resistance  R 


ohms 

Ultimate  power  output,  watts 
Peak  grid-to-grid  volts  for 
ultimate  power  output 
Power  output  at  5  percent 
harmonics,  watts 
Power  output  at  2  percent 
harmonics,  watts 
Power  output  at  10  pocent 
intermodulation  distortion,  watts 
ElfiBciency  as  a-f  amplifier,  percent 
Gain — actual  amplification, 
(tRt/iRt  +  Rp) 

Effective  generator  impedance, 
ohms,  500  oluns  load 


former. 

duce  the  cost  of  labor  and  materials, 
at  the  same  time  reducing  the  PR 
losses  in  the  secondary  winding  and 
reducing  the  leakage  reactance. 
This  is  a  case  where  something  is 
had  for  nothing. 

The  measured  frequency  response 
of  the  three  amplifiers  with  both 
resistive  and  loudspeaker  loads  is 
shown  in  Fig.  3.  The  same  output 
transformer  was  used  on  all  three 
amplifiers,  the  secondary  taps  being 
changed  to  match  the  various  load 
impedances.  The  primary  induct¬ 
ance  was  16  henries,  which  is  more 
than  necessary  for  the  space-charge 
and  triode  amplifiers,  and  less  than 
desirable  for  the  beam  power  tubes. 
The  effect  of  a  low  generator  im¬ 
pedance  when  working  into  a  loud¬ 
speaker  load  can  be  seen  clearly. 

In  order  to  conduct  listening  tests 
with  any  degree  of  similarity  be¬ 
tween  pairs  of  amplifiers,  it  was 
necessary  to  equalize  the  6V6  ampli¬ 
fier  so  that  it  had  about  the  same 
high  frequency  response  as  the 
other  amplifiers.  This  was  accom¬ 
plished  by  connecting  a  10,000-ohm 
resistor  in  series  with  a  0.05-/i.f 
capacitor  from  plate  to  plate  of  the 
6V6  tubes.  Little  could  be  done 
about  the  low-frequency  peak. 

Another  effect  which  showed  up 
when  switching  from  one  amplifier 
to  another  was  an  apparent  change 
in  relative  volume  at  low  and  high 
levels.  When  all  amplifiers  were 
adjusted  for  the  same  loudness  at 
low  levels,  the  space-charge  ampli¬ 
fier  sounded  louder  at  high  levels. 
Conversely,  when  adjusted  on  loud 
passages  to  the  same  loudness,  the 
6V6  amplifier  was  loudest  at  low 
levels.  Measurements  showed  that 
the  6V6  amplifier  departs  from  lin- 


the  same  amount  of  feedback  ap¬ 
plied  to  an  amplifier  using  space- 
charge  tubes  will  improve  it  by  the 
same  factor. 

The  expense  of  the  driver  stage 
makes  it  difficult  to  construct  a  low- 
cost  amplifier  using  triodes,  even 
though  the  output  transformer  is 
less  expensive  than  that  for  the 
beam  power  tubes. 

Since  inverse  feedback  is  hardly 
necessary  with  the  space-charge 
tubes,  a  high-quality  amplifier  can 
be  built  that  is  capable  of  supplying 
full  power  output  over  a  wide  fre¬ 
quency  range  from  a  grid  input  sig¬ 
nal  of  30  millivolts.  Such  an  ampli¬ 
fier  would  need  only  three  stages 
including  the  output  tubes.  Sav¬ 
ings  in  the  power  supply  result 
from  reduced  heater-winding  capac¬ 
ity  on  the  power  transformer,  and 
a  reduction  in  the  amount  of  plate- 
supply  decoupling  necessary.  A 
suitable  output  transformer  could 
be  made  for  a  retail  price  of  about 
four  dollars.  The  retail  cost  of  the 
parts  required  to  build  a  completely 
satisfactory  amplifier,  flat  within 
1  db  from  30  to  15,000  cycles,  with 
intermodulation  of  less  than  5  per¬ 
cent  at  10  watts,  is  less  than  twenty- 
five  dollars.  Including  tubes  and 
power  supply.  The  only  drawback 
at  present  is  the  fact  that  the  tubes 
are  not  yet  available.  It  is  hoped 
that  they  will  be  in  production  be¬ 
fore  too  long. 


earity  almost  10  db  below  its  peak 
voltage  input.  The  space-charge 
tubes,  on  the  other  hand,  are  linear 
to  within  about  3  db  of  maximum 
input.  The  triodes  depart  from 
linearity  somewhere  between  these 
levels.  Naturally,  this  effect  is 
closely  related  to  distortion,  because 
a  nonlinear  device  is  by  definition 
both  a  harmonic  generator  and 
modulator. 

It  is  interesting  to  examine  the 
intermodulation  distortion  of  the 
three  amplifiers  with  loudspeaker 
load,  shown  in  Fig.-  4.  Observe  that 
the  space-charge  tubes,  because  of 
their  ability  to  work  well  into  a  load 
of  variable  impedance,  show  the 
lowest  intermodulation  percentages. 
The  triodes  are  very  nearly  as  good, 
but  the  6V6  tubes  are  considerably 
worse. 


Comparison  of  Amplifier  Costs 

To  perform  as  well  as  the  triodes 
and  the  space-charge  tubes,  the 
6V6’s  require  at  least  20  db  of  feed¬ 
back.  For  this  feedback,  an  addi¬ 
tional  stage  of  amplification  is  re¬ 
quired  and  careful  attention  must 
1^  paid  to  phase  shift  within  the 
feedback  loop.  In  addition  to  these 
expensive  modifications,  the  circuit 
requires  a  costly  output  trans¬ 
former  having  a  frequency  range 
far  in  excess  of  the  useful  passband, 
in  order  to  prevent  oscillation. 
There  is  the  additional  point  that 
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Sensing  •lMn*nt  of  tho  look  dotoctor.  a 
diodo  of  uousuol  dosign  omploying  posi* 
IIto  ion  rothor  than  nogathro  oloctron 
•mission  and  operating  in  air 


Look  detector  with  supersonsitire  nose, 
one  example  of  an  instrument  utilixing  a 
long-neglected  principle  to  simulate  another 
of  man's  senses 


Electronics  Simulates 
Sense  of  Smell 


Platinum,  heated  to  incandescence,  freely  emits  positive  ions  in  air  and  does  not  readily 
oxidize.  Emission  is  increased  when  halogen  vapor  compounds,  of  which  Freon  and  carbon 
tetrachloride  are  good  examples,  are  present.  Use  is  made  of  this  principle  to  detect  leaks 


The  sense  of  smell,  as  the  human  Engineers  working  with  electron 
nose  operates  in  air,  has  to  date  not  tubes  understand  negative  electron 
been  well  duplicated,  although  for  emission.  On  the  other  hand,  the 
certain  specialized  cases  very  sen-  emission  of  positive  ions  from  a 
sitive  detectors^  have  been  devel-  red-hot  metal  is  not  as  well  known, 

oped.  The  device  to  be  described  is  and  little  use  has  been  made  of  this 

thermionic  in  its  nature  and  is  sen-  phenomenon, 
sitive  to  a  large  variety  of  halogen  Unlike  electrons,  which  are  sim- 
compound  vapors  and  air-suspended  ply  basic  units  of  negative  electric- 
particles.  It  thus  extends  man’s  abil-  ity,  ions  are  positively  charged 
ity  to  simulate  the  sense  of  smell,  particles  of  some  specific  substance. 


The  science  of  electronics  has 
provided  instruments  which,  in 
a  practical  way  and  to  a  remarkable 
degree,  give  responses  similar  to 
the  human  senses.  Examples  of 
this  are  the  microphone,  which  per¬ 
forms  like  the  ear ;  the  loudspeaker 
and  its  similarity  to  the  voice;  the 
phototube  and  the  eye,  and  a  num¬ 
ber  of  instruments  equivalent  to  the 
sense  of  touch. 
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FIG.  1 — Boiic  dmilt  oi  the  new  device 


technique  available  to  early  work-  volts  a-c  or  d-c  for  use  as  the  inter- 
ers.  electrode  potential. 

(4)  Sufficient  amplification  to 
Operating  Principle  make  a  smaU  increase  in  d-c  current 

It  has  been  found  by  C.  W.  Rice  due  to  ion  emission  variation  read- 
that  the  steady  emission  of  ions  in  ily  detectable, 
air  is  increased  to  a  marked  extent 
when  certain  vapors  strike  the  elec¬ 
trode  surfaces.  In  the  presence  of 
even  a  small  amount  of  a  halogen 
compound  vapor  there  is  a  marked 
increase  in  ion  current.  There  is 
also  a  marked  increase  in  current 
when  suspended  particles,  such  as 
smoke,  containing  a  halogen  com¬ 
pound  contact  the  electrode  surface. 

Thus  the  essential  elements  of  a 
halogen  compound  vapor  detector, 
shown  in  Fig.  1,  are: 

(1)  A  two-element  sensing  struc¬ 
ture,  one  suitable  arrangement  be¬ 
ing  in  the  form  of  concentric  cyl¬ 
inders.  The  vapor  to  be  detected 
is  passed  between  these  two  closely 
spaced  cylinders.  The  inner  cylinder 
or  cathode  is  kept  red  hot  by  an 
internal  platinum-wire  heater  and 
the  outer  cylinder  or  anode  is  oper¬ 
ated  at  a  negative  potential. 

(2)  A  means  of  forcing  air  con¬ 
taining  the  vapor  to  be  detected  be¬ 
tween  the'  cylinders  at  a  constant 
low  velocity. 

(3)  Low-voltage  a-c  for  the 
heater  and  another  supply  deliver¬ 
ing  a  few  hundred  microamperes 
at  somewhere  between  50  and  500 


In  general,  emission  of  ions  means 
a  loss  of  material  from  the  cathode 
emitting  them.  One  unique  feature 
of  ion  emission,  however,  is  that  it 
can  be  made  to  occur  readily  in  the 
air. 

Owing  to  the  fact  that  platinum 
can  be  operated  at  a  red  heat  with 
little  oxidation  and  loss  from  evap¬ 
oration,  this  metal  is  very  useful  as 
an  ion-emitting  source.  The  volume 
of  ion  emission  from  platinum 
varies  greatly,  depending  upon 
temperature,  area  and  nature  of  the 
surface,  and  purity  of  the  metal. 
Ion  emission  current  drops  slowly 
with  time,  eventually  reaching, 
however,  a  small  but  finite  equilib¬ 
rium  value. 

Twenty-five  to  fifty  years  ago, 
some  scientific  work  was  done  on 
this  phenomenon*,  but  with  the 
coming  of  electron  tubes  in  their 
evacuated,  sealed  envelopes  conduc¬ 
tion  in  air  was  neglected  for  the 
newer,  more  intriguing,  and  simpler 
phenomenon  of  electron  emission  in 
a  high  vacuum.  When  early  reports 
on  conduction  in  air  are  studied  it 
is  soon  realized  that  the  experi¬ 
mental  results  obtained  were  very 
conflicting  and  the  theories  contra¬ 
dictory.  In  part  this  was  due  to  the 
fact  that  electrical  conduction 
through  air  is  more  complicated 
than  in  a  high  vacuum.  There  was 
also  a  less  developed  experimental 


General  Characteristics 

One  of  the  characteristics  of  the 
device  under  operating  conditions 
is  the  small  amount  of  current  that 
flows  even  in  the  presence  of  pure 
dry  air.  This  current  is  usually  of 
the  order  of  1  to  10  microamperes. 
In  the  presence  of  an  air-diluted 
vapor  of  a  chemical  element  or  com¬ 
pound  to  which  the  device  is  sensi¬ 
tive  this  current  will  increase  sev¬ 
eral  fold. 

Sensitivity  to  a  halogen  compound 
vapor  varies  with  the  velocity  of 
air  flow  between  the  two  cylinders. 
With  an  air  flow  of  the  order  of  one 
inch  per  second  or  less  there  is  an 
extreme  sensitivity  to  some  vapors 
of  about  one  part  in  a  million.  With 
an  air  flow  of  more  than  one  foot 
per  second  the  sensitivity  and  re¬ 
sponse  are  reduced  to  a  point  where 
there  is  little  response. 

The  device  is  very  sensitive  to 
carbon  tetrachloride,  chloroform 
and  Freon  (dichlorodifluorometh- 
ane).  At  room  temperature  it  does 
not  respond  to  Pyranol  (chlorin¬ 
ated  phenol)  but,  if  the  Pyranol 
is  heated  to  60  C  or  more  the  vapor 
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voltage  is  interrupted  momentarily 
and  then  reapplied. 

The  device  is  quite  sensitive  to 
variations  in  air  flow.  If  the  air 
flow  is  too  rapid  then  the  vapor  ap¬ 
parently  has  only  limited  oppor¬ 
tunity  to  strike  the  hot  cathode  and 
dissociate.  The  sensitivity  of  the 
device  therefore  decreases  as  the 
air  flow  is  increased.  Part  of  the 
decreased  sensitivity  is  also  due  to 
the  additional  cooling  of  the  cath¬ 
ode  with  the  increased  air  flow. 
On  the  other  hand,  if  the  air  flow 
is  at  too  low  a  rate  the  device  will 
be  extremely  responsive  to  vapors 
to  which  it  is  sensitive  but  con¬ 
siderable  time  will  elapse  before 
the  current  returns  to  its  normal 
no-vapor  condition  even  after  the 
inlet  is  again  given  a  supply  of 
pure  air. 

The  response  of  the  sensing  ele¬ 
ment  increases  markedly  with  tem¬ 
perature  over  a  narrow  range.  Be¬ 
low  approximately  850  C,  the 
emission  current  is  too  small  to  be 
easily  utilized,  and  over  approxi¬ 
mately  950  C  it  becomes  unstable 
and  random  fluctuations  will  hide 
any  signal. 

It  is  necessary  to  keep  the  space 
between  the  electrodes  free  from 
dust,  cotton  lint,  or  other  particles 
that  may  be  sucked  in  by  the  air 
flow.  Such  particles  would  short- 
circuit  the  electrodes  and  give  false 


pressure  becomes  sufficiently  high 
to  give  a  response.  It  also  responds 
to  solid  particles  of  the  iodides, 
chlorides,  bromides  and  fluorides. 
Therefore,  it  detects  smoke  from 
burning  materials  containing  such 
compounds. 

The  detector  is  suitable  in  its 
present  form  for  exposure  to  va¬ 
pors,  provided  this  exposure  is  lim¬ 
ited  to'^a  relatively  short  time.  If 
the  sensing  element  is  exposed  to  a 
halogen  vapor  for  too  long  a  time, 
or  to  a  too  highly  concentrated  va¬ 
por,  it  may  lose  its  sensitivity.  Long 
operation  at  full  temperature  in  a 
current  of  pure  air  and  with  volt¬ 
age  between  electrodes  will  restore 
its  sensitivity  if  the  contamination 
has  not  been  too  great.  If  the  con¬ 
tamination  has  been  too  great  it 
may  be  necessary  to  clean  or  replace 
the  electrodes.  The  ease  of  contam¬ 
ination  varies  greatly  from  one 
compound  to  another.  For  instance, 
carbon  tetrachloride  contaminates 
the  electrodes  more  easily  than 
Freon. 

If  the  sensing  element  has  been 
hot  for  some  time  in  the  absence 
of  an  interelectrode  voltage  a  heavy 
transient  current  flows  when  volt¬ 
age  is  applied.  The  time  taken  to 
return  to  normal  is  dependent  upon 
the  time  the  element  has  been  hot. 
A  similar  transient  rush  of  ion  cur¬ 
rent  occurs  if  the  interelectrode 


indications.  It  is  usually  desirable 
to  filter  the  incoming  air. 


Indicatint  Methods 


There  are  several  ways  by  which 
the  increase  of  current  due  to  ex¬ 
posure  to  a  vapor  may  be  indicated. 
The  simplest  is  by  means  of  a  mi¬ 
croammeter  or  a  galvanometer.  An¬ 
other  method  is  to  utilize  the  change 
in  voltage  across  a  high  resistance 
to  operate  an  amplifier  which  in 
turn  operates  a  relay. 

A  third  method  is  to  add  a  relax¬ 
ation-type  of  circuit  incorporating 
a  capacitor  and  glow-discharge 
tube,  with  a  loudspeaker  as  an  indi¬ 
cating  element,  as  shown  in  Fig.  2. 
The  current  through  the  sensing 
element  builds  up  a  charge  in  the 
capacitor.  When  the  voltage  is  sufr 
ciently  high  the  glow-discharge 
tube  operates  and  the  pulse  of  cur¬ 
rent  resulting  from  the  discharge 
of  the  capacitor  produces  a  click 
in  the  loudspeaker.  The  repetition 
rate  of  the  clicks  is  an  indication  of 
the  amount  of  current  passing. 

With  any  circuit  used,  it  is  de¬ 
sirable  to  include  a  protective  re¬ 
sistor  to  prevent  injury  to  the  sens¬ 
ing  element  and  indicating  device 
resulting  from  an  overdose  of  vapor 
or  a  short  circuit  between  ele^ 
trodes.  This  may  be  of  the  order 
of  100,000  ohms. 


Um  as  a  Look  Detector 


The  device  is  very  convenient  for 
detecting  leaks  in  pressure  systems 
of  tanks,  pipes,  valves  and  flanges. 
In  the  case  of  a  refrigerating  sys¬ 
tem  utilizing  one  of  the  Freon  com¬ 
pounds  under  pressure,  the  opera¬ 
tion  consists  of  moving  the  intake 
nozzle  of  the  unit  near  spots  where 
a  leak  is  suspected.  For  other  closed 
systems  a  little  Freon  or  other 
suitable  halogen  compound  vapor  is 
introduced  as  a  tracer  gas  and  air 
pressure  is  applied. 

It  is  believed  that  this  device  will 
find  wide  application  in  industry 
due  to  the  many  products  which 
must  be  made  free  from  leakage  be¬ 
fore  being  used.  Many  other  uses 
of  the  principle  are  anticipated. 
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Direct-Reading 
WAVEMETER  DESIGN 


Gonstnictioii  details  of  direct-reading  wavemeters  for  the  range  from  2  to  75  cm  (15,000 
to  400  me) .  Theory  behind  maintaining  linearity  of  wavelength;change-to-conductor-di8- 
placement  is  given  for  cavity  devices  of  finger-contact  and  re-entrant  line  short-circuit  type 
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FIG  4 — ^Fiold  typ*  precision  woremeter.  Indicating  meter  it  at  upper  center 


scale  length,  the  wavelength  dial  is 
rotated  nearly  two  revolutions.  The 
slope  of  wavelength  versus  con¬ 
ductor  displacement  was  adjusted  so 
that  one  set  of  graduations  could  be 
used  with  two  sets  of  color-coded 
numerals.  The  correct  scale  is  in¬ 
dicated  by  a  colored  target  near  the 
upper  left  edge  of  the  dial. 

ShMdiag  for  Aecorocy 

Experience  with  the  6-  to  30-cm 
wavemeter  showed  a  need  for 
shielding  against  extraneous  fields. 
Any  r-f  voltage  induced  in  the  nom¬ 
inally  d-c  path  between  crystal  and 
microammeter  is  rectified  to  give  a 
defiection.  A  combination  bypass 
capacitor  and  instrument  connec¬ 
tion,  together  with  grounding  the 
input  coupling  and  tuning  shaft  to 
the  case,  provided' adequate  shield¬ 
ing  in  the  vicinity  of  high  r-f  fields. 

A  design  similar  to  that  of  the 
5-  to  30-cm  wavemeter  has  been 
made  for  the  2-  to  8-cm  range  with 
the  scale  direct  reading  to  within 
0,05  cm  between  3  and  8  cm. 

ProcisloB  Wav*Bi*t*rs 

An  early  form  of  laboratory 
wavemeter  built  for  the  dual  pur¬ 
pose  of  investigating  the  character¬ 
istics  of  quarter-wave  resonators 
as  wavemeters  of  high  precision  in 
the  8-  to  12-cm  wavelength  band  and 
of  measuring  the  output  spectra  of 
magnetron  oscillators  is  shown  in 
Fig.  3.  Since  the  existence  of  dis¬ 
crete  narrow  spectra  was  suspected, 
a  vernier  tuning  control  shown  at 


FIG.  2 — Crou-section  of  5  to  30-cm  search¬ 
ing  waeemeter 


the  right  was  included.  However, 
the  main  tuning  control  proved  ade¬ 
quate  and  tests  showed  that  the 
resolution  obtainable  with  a  coaxial 
resonator  employing  a  silver-plated 
micrometer  spindle  as  adjustable 
center  conductor  was  sufficient  for 
all  but  the  most  specialized  meas¬ 
urements  in  the  8-  to  12-cm  range. 

Quantitative  analysis  and  test  of 
the  performance  of  this  laboratory 
wavemeter  provided  guidance  in  the 
design  of  wavemeters  for  field  use. 
Improvements  were  made  in  the 
coupling  loops,  the  contact  between 
the  micrometer-head  mounting 
plate  and  the  body  of  the  wave¬ 
meter,  the  contact  between  the 
mounting  plate  and  the  micrometer 
spindle  and  in  the  body  of  the  wave¬ 
meter  itself.  The  measuring  equip¬ 
ment  had  good  sensitivity,  full  scale 
defiection  for  approximately  1  milli¬ 
watt  input,  and  a  wavelength  versus 
displacement  characteristic  linear 
within  0.05  percent  over  the  wave¬ 
length  range  of  8  to  12  cm.  Positive 


low  resistance  contact  is  necessary 
both  between  the  micrometer-head 
mounting  plate  and  the  body  of  the 
wavemeter  as  well  as  between  the 
mounting  plate  and  the  micrometer 
spindle.  It  was  found  that  the  stiff¬ 
ness  of  a  wavemeter  body  made  of 
standard  brass  tubing  was  inade¬ 
quate.  Changes  as  great  as  0.03 
percent  in  tuning  were  caused  by 
pressure  on  the  clamp  that  held  the 
body  to  the  base. 

In  field  wavemeters  satisfactory 
contact  between  the  micrometer- 
head  mounting  plate  and  the  body 
of  the  wavemeter  resulted  from  the 
combination  of  silver  plating  both 
parts  and  turning  a  lip  approxi¬ 
mately  0.005  inch  high  on  the  body 
of  the  wavemeter  at  its  inner  edge. 

A  satisfactory  contact  between 
the  mounting  plate  and  the  microm¬ 
eter  spindle  was  obtained  by  making 
the  micrometer  spindle  of  sterling 
silver  and  the  finger  contacts  of 
silver-plated  phosphor  bronze  or 
beryllium  copper.  Motor  driven 
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resulted  from  considering  the 
direct-reading  feature  more  impor¬ 
tant  than  width  of  tuning  range 
while  developing  these  designs. 

A  12-  to  17-cm  precision  wave- 
meter  operating  on  the  same  prin¬ 
ciples  as  those  for  the  wavelength 
range  8-  to  12-cm  has  the  same  qual¬ 
ity  of  performance  as  detailed  in 
Table  I. 

The  precision  type  wavemeters 
are  unusually  well  adapted  for  field 
service  where  extreme  conditions 
of  temperature,  humidity,  high- 
power  radio-frequency  fields  in  and 
out  of  the  wavemeter  range,  vibra¬ 
tion  and  shock  are  encountered.  For 
example,  the  micrometer  heads  have 
been  luBricated  with  a  special  oil 
which  allows  free  movement  at 
— 60C  and  yet  does  not  evaporate 
at  50  C.  Extensive  use  '  of  these 
wavemeters  for  several  years  has 
shown  that  the  wavelength  calibra¬ 
tion  is  maintained  well  within  the 
0.1  percent  specification. 

The  devices  have  also  been  used 
as  power  indicators  without  modi¬ 
fication,  as  receivers  after  connect¬ 
ing  an  audio  amplifier  across  the 
crystal  rectifier,  and  even  as  tunable 
band-pass  filters  after  removing  the 
crystal  rectifier  and  connecting 
directly  to  the  output  loop. 


strong  radio-frequency  fields  and 
prevent  responses  to  other  than  the 
impressed  signal. 

The  appearance  and  construction 
of  a  postwar  8-  to  12-cm  precision 
wavemeter  for  general  laboratory 
use  is  illustrated  on  the  first  page 
of  this ‘paper.  Comparison  with 
Fig.  4  will  show  that  the  gear-stop 
and  sensitivity  control  of  the  field 
type  have  been  omitted  and  that  a 
less  expensive  bypass  capacitor  has 
been  used  across  the  microammeter, 
but  that  the  primary  structural  and 
shielding  features  have  been  re¬ 
tained.  The  electrical  characteris¬ 
tics  of  the  two  wavemeters  are  iden¬ 
tical.  Many  of  the  benefits  that  ac¬ 
crue  in  designing  for  field  use  are 
not  visible,  but  require  a  compara¬ 
tive  study  of  the  designs  developed 
here  and  in  England.*  It  is  believed 
that  the  use  of  friction  to  hold  the 
positions  of  the  drum,  the  thimble, 
and  the  extension  piece  fixed  rela¬ 
tive  to  the  spindle  is  indication  that 
field  use  was  considered  secondary 
during  the  British  development. 
The  use  of  a  0.002-inch  clearance 
for  a  distance  of  from  i  to  J  inch 
in  the  noncontacting  plunger  type 
also  points  in  the  same  direction. 

It  is  interesting  to  note  the  differ¬ 
ences  in  electrical  design,  also.  In 
the  designs  described  herein  the 
cavity  beyond  the  end  of  the  adjust¬ 
able  inner  conductor  has  been 
chosen  to  be  below  cutoff  for  all 
operating  wavelengths;  whereas  in 
the  British  design,  the  cavity  is  in 
the  pass  band  for  operating  wave¬ 
lengths.  This  difference  apparently 


accelerated  wear  tests  indicated 
that  a  year  of  trouble  free  perform¬ 
ance  could  be  expected  from  this 
combination, 


However,  the  re-en¬ 
trant  transmission  line  type  of 
short-circuit  which  is  described  be¬ 
low  is  superior  to  the  finger-type 
contact  in  having  low  manufactur¬ 
ing  cost  and  more  uniform  and 
stable  electrical  characteristics. 

Adequate  stiffness  in  the  wave¬ 
meter  body  has  been  obtained  by 
means  of  a  sturdy  bronze  casting, 
silver  plated  for  high  conductivity. 
This  casting  is 


shown  in  Fig.  4. 
securely  bolted  to  the  sloping  panel 
to  provide  a  sturdy  mount  for  the 
input  jack,  output  coupling  loop, 
crystal  rectifier  unit,  and  tuning 
control. 


Re-eatrant  Short  CIreoit 

One  of  the  most  valuable  features 
of  the  field  type  precision  wave¬ 
meter  is  the  re-entrant  transmission 
line  short  circuit  between  inner  and 
outer  conductors  of  the  resonator, 
shown  in  cross-section  in  Fig.  5. 
This  accomplishes  the  same  purpose 
as  the  finger  contacts  of  earlier  de¬ 
signs  but  without  a  mechanical  con¬ 
tact  between  conductors  of  the  main 
resonant  cavity.  The  re-entrant 
portions  of  the  cavity  are  propor¬ 
tioned  so  that  the  reactance  at  the 
input  to  the  re-entrant  line  is  zero 
at  some  intermediate  wavelength 
in  the  band.  At  other  wavelengths, 
the  reactance  is  small  in  proportion 
to  that  of  the  main  cavity.  The 
rotating  joint  between  micrometer 
spindle  and  head  is  at  a  low  current 
point,  so  that  the  effect  of  this 
variable  resistance  contact  on  the 
wavemeter  performance  is  negli¬ 
gible. 

This  design  has  resulted  in  an 
ideal  working  condition  for  the 
micrometer  screw,  since  there  is  no 
load  on  the  spindle.  The  construc¬ 
tion  provides  a  close  approximation 
to  the  ultimate  in  uniformity  and 
stability  of  both  electrical  and  me¬ 
chanical  characteristics. 

Further  features  of  the  field-type 
precision  wavemeter  are  the  direct- 
reading  wavelength  scale,  accurate 
within  0.1  percent  and  resettable 
within  0.002  centimeter,  and  the 
combined  shielding  and  bypassing 
that  protect  the  wavemeter  from 


Theory 

The  most  important  property  of 
direct-reading  wavemeters  is  the 
linearity  of  wavelength  change  to 
conductor  displacement.  The  under¬ 
lying  theory  of  this  property  is  pre¬ 
sented  below  for  those  wavemeters 
employing  finger  contacts  and  those 
with  a  re-entrant  transmission  line 
short  circuit. 

It  is  an  exi>erimental  fact  that 
properly  designed  wavemeters  hav¬ 
ing  a  resonator  of  the  type  shown  in 
Fig.  6A  have  the  property  that  a 
one  centimeter  increase  in  the 
length  of  the  center  conductor 
changes  the  fundamental  resonant 
wavelength  by  four  centimeters.  It 
may  at  first  seem  obvious  that  this 
is  the  case,  since  the  wavemeter  is 
resonant  in  its  quarterwave  mode. 
Actually,  however,  the  line  is  con¬ 
siderably  shorter  than  a  quarter 
wavelength  because  of  the  end-load¬ 
ing  capacitance  of  the  inner  to  outer 
conductor.  This  foreshortening  may 
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FIG.  5 — CroM-i«cUon  of  r»-«ntront  trans- 
miuion  line  short  circuit  typo 
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capacitance  Ci  is  added  to  account  where  v  is  the  velocity  of  propaga- 
for  the  step  in  the  center  conductor.*  tion  and  X  the  wavelength  in  cm. 

The  electrical  length  (9,  =  /3L,  of  If  it  were  possible  to  eliminate 
the  extensible  portion  of  the  center  end-loading  so  that  C.  =  0,  the  elec- 
conductor  can  be  related  to  the  fre-  trical  length  0,  would  be  90  degrees, 
quency  and  constants  of  the  circuit  The  magnitude  of  the  effect  of  end- 
Referring  to  Fig.  6B,  resonance  will  loading  capacitance  can  be  seen 
occur  when  the  reactanca  of  the  from  Fig.  7,  in  which  values  of  e, 
parallel  combination  of  line  Li  and  are  plotted  for  a  wavemeter  operat- 
fringing  capacitance  C,  is  the  con-  ing  in  the  8-  to  12-cm  range, 
jugate  of  the  reactance  of  line  L,  Of  more»importance  is  the  expres- 
terminated  in  the  equivalent  dis-  sion  for  the  rate  of  change  of 
continuity  capacitance  C*.  conductor  displacement  with  wave* 

The  input  reactance  of  line  L,  is  length,  which  can  be  found  by  dif- 
„  _  w  ferentiating  the  expression  for  the 

“  **  *“  »  length  Lo  of  the  extensible  line, 

where  and  are  the  char¬ 
acteristic  impedance  and  electrical  (l/2») 

length,  respectively  of  line  Li.  ^  ^  A 

Combining  with,  the  capacitive  2x  2w  d\  (3) 

reactance  =  1/<dC„  The  second  term  is  obtained  from 

Xl,  X„  expression  for  tan  0^ 

dX  D  LdX  D  d\ 

where  N  is  the  numerator  and  D  the 
denominator  of  Eq.  1. 

For  the  case  in  Fig.  6A,  the  ex¬ 
pression  for  the  rate  of  change  of 
wavelength  to  conductor  displace¬ 
ment  reduces  to 

dLc  _  fii.  -I-  1  /2  sin  2 
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FIG.  I — Crou-Mcttop  cmd  •qaiTolant  dt- 
cnH  (A)  of  fingor-conlact  typo  and  (B)  ro- 
MtroBt  typo  woTomofor 

be  as  great  as  18  percent  of  the 
quarter  wavelength,  and  yet  the 
rate  of  change  of  wavelength  to 
conductor  displacement  is  within  1 
percent  of  the  four-to-one  relation. 

It  is  difficult  to  make  a  good  disc- 
type  electrical  contact  of  the  kind 
needed  in  the  resonator  although 
such  a  contact  was  used  in  the  early 
designs.  The  cylindrical  type 
shown  in  Fig.  6B  has  been  used  in 
more  recent  designs  requiring 
finger  contacts  because  of  its  simp¬ 
ler  construction.  Resonators  hav¬ 
ing  a  contact  of  this  kind  depart 
from  the  four-to-one  relation  and 
are  not  linear  over  the  complete 
range  of  extension  of  the  center 
conductor,  but  can  be  made  direct 
reading  within  a  fraction  of  one 
percent  over  a  two-to-one  wave¬ 
length  range. 

The  resonator  of  Fig.  6A  is  a 
special  case  of  that  shown  in  Fig. 
6B,  the  analysis  of  which  is  given 
below.  The  equivalent  circuit  for 
the  latter  consists  of  two  cascaded 
sections  of  transmission  line  of 
characteristic  impedances  and 
Zr*.  The  former  is  short-circuited 
at  its  input  end,  and  the  latter  is 
terminated  in  an  equivalent  end¬ 
loading  capacitance  C#,  representing 
the  effect  of  the  fringing*  field  be¬ 
tween  the  end  of  the  center  con¬ 
ductor  and  outer  conductor.  A 


ooe*0» 


.  (Z.I  tan  ep  (1/w  Cl) 

(1/w  Cl)  — Zrt  tan  6i 

The  input  reactance  of  line  L,  ter¬ 
minated  in  the  capacitance  C«  is 

y  l/(i>  Cj  —  Zti»  tan  9t 


where  and  0,  are  the  character¬ 
istic  impedance  and  electrical 
length,  respectively,  of  line  Lo. 

The  condition  for  resonance,  X,  = 
— X„  gives  for  0o  the  relation 


Then 


for  (  <  0.5  radian 
Therefore, 


The  percent  deviation  from  a 
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FIG.  8 — Resonant  waxelength  Torsus  con¬ 
ductor  extension  and  slope  for  a  re-entrant 
type  waremeter 


FIG.  7 — Electrical  length  and  deyiation 
from  the  4-to-l  slope  in  a  finger-contact 
wavemeter 
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Table  I — Characteristics  of  12-  to  17-cin  Woremeter  Calculated 
From  EquiTolent  Circuit 


4-to-l  slope  has  been  calculated 
from  Eq.  7  and  plotted  in  Fig.  7  for 
the  8-  to  12-cm  range. 

When  the  projecting  type  of  con¬ 
tact  is  used,  the  rate  of  change  is 
no  longer  four  to  one.  The  slope 
versus  wavelength  for  a  30-  to  75- 
cm  wavemeter,  and  conductor  length 
versus  wavelength,  have  been 
plotted  in  Fig.  8.  This  wavemeter 
employed  a  contact  line  5.25-cm 
long.  The  ratio  of  characteristic 
impedances  Z^IZ,x  was  1.15.  A  re¬ 
duction  in  the  length  of  the  contact 
line  to  3.2  cm  made  the  character¬ 
istic  linear  to  within  ±0.5  percent 
over  the  range  of  30  to  75  cm. 

A  cross  section  of  a  cavity  type 
used  in  the  8-  to  12-cm  and  12-  to  17- 
cm  wavemeters  is  shown  in  Fig.  9. 
The  main  part  of  the  cavity  consists 
of  two  transmission  lines,  one  hav¬ 
ing  the  variable  length  AB  as  inner 
and  MU  as  outer  conductor,  the 
other  having  JK  as  inner  and  LAf 
as  outer  conductor.  The  former  line 
is  terminated  in  a  fringing  capaci¬ 
tance  from  A  to  the  outer  conduc¬ 
tor  ;  the  latter  line  is  shorted  by  the 
plate  KL. 

The  re-entrant  portion  of  the 
cavity  consists  of  the  short-cir¬ 
cuited  line  HI,  GF,  and  the  line  CD, 
FE.  The  two  parts  of  the  cavity 
are  connected  by  the  choke  line  BC, 
JI.  The  center  conductor  rotates  in 
its  bearing  at  point  D,  this  being 
the  only  point  of  mechanical  contact 
between  the  outer  shell  and  center 
conductor.  The  electrical  quality  of 
this  contact  is  not  important,  since 
it  is  at  a  low  current  point  relative 
to  the  current  in  plate  KL. 

An  equivalent  circuit  for  the 
cavity  can  be  drawn,  showing  the 
interconnection  of  the  five  different 
transmission  lines  having  charac¬ 
teristic  impedances  Z„,  Z,^, 

Zn  and  the  discontinuity  capaci¬ 
tances.  The  capacitance  Cm  repre¬ 
sents  the  fringing  capacitance  from 
the  end  of  the  center  conductor  to 
the  shell.  Capacitances  C„  Ci„  Cm, 
C,„  C,,  Cb  are  those  associated  with 
the  discontinuities  at  the  junctions 
of  the  various  transmission  lines. 
These  capacitances  can  be  calculated 
from  the  dimensions.’ 

The  following  procedure  is  fol¬ 
lowed  in  calculating  the  wavemeter 
characteristic.  The  reactance  ap- 


slope  of  wavelength  versus  conductor  displai%nient 
ratio  of  current  through  rotating  joint  to  maximum  current 
power  loss  in  various  portions  of  cavity  shown  in  Fig.  9 
Q — factor  of  overall  resonator 


pearing  between  terminals  S  and  T 
due  to  the  combination  of  networks 
1  3,  4,  and  5,  where  each  network 
consists  of  a  transmission  line  and 
associated  discontinuity  capaci¬ 
tances,  is  calculated,  ignoring  losses. 

The  electrical  length  of  line  of 
characteristic  impedance  Z^  neces¬ 
sary  to  give  the  conjugate  reactance 
across  these  two  points  is  then  de¬ 
termined.  This  calculation  is  car¬ 
ried  out  for  several  wavelengths 
over  the  b'ind  of  operation  to  obtain 
the  characteristic  of  extension  AB 
versus  wavelength.  Matrix  formu¬ 
lation  simplifies  the  procedure  of 
calculation. 

The  equivalent  circuit  can  also  be 
used  to  calculate  other  properties  of 
the  resonator.  The  ratio  of  current 
Im  in  the  rotating  joint  at  D  to 
current  Im  in  the  short-circuiting 
plate  KL  is  of  importance  in  the 
design.  Distribution  of  loss  in  vari¬ 
ous  parts  of  the  cavity  and  the  Q 
value  of  the  resonator  can  also  be 
calculated. 

Table  I  gives  values  of  slope  of  analysis  is  valid  only  for  loose  cou- 
wavelength  versus  conductor  dis-  pling,  since  over  coupling  can 
placement,  AX/AL,  current  raticr  greatly  change  the  calculated  char- 
Im/Ioi,  Q,  and  loss  distribution  for  acteristics. 
a  12-  to  17-cm  cavity. 

In  order  to  make  the  wavemeter 
direct  reading,  utilizing  a  standard 
micrometer  screw  thread,  a  slope  of 
AX/AL  =  3.543  was  required.  The 
dimensions  of  the  cavity  were  va¬ 
ried  in  initial  trial  calculations  until 
the  following  series  was  obtained  in 
which  all  dimensions  are  the  same 
except  the  diameter  of  the  center 
conductor  of  line  Li. 

diameter  AX/AL 

(inchesX  (average) 

0.320  3.58 

0.330  3.55 

0.340  3.53 


FIG.  9 — EquiTalsnt  drcuit  lor  r»-«iitTant 
type  wcnr«m«t*r 
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A  toothed  wheel  rotating  between  two  pickup  coils  connected  for  maximum  output  gen¬ 
erates  a  tone.  Output  is  fed  through  a  peak  clipper  to  a  discriminator  and  rectifier. 
Instantaneous  speed  variation  is  shown  directly  on  a  calibrated  meter 


By  G.  L.  SANSBURY  and  E.  W.  PAPPENFUS 
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IN  DISC  RECORDING  a  common  but 
annoying  fault  in  reproduction  is 
instantaneous  speed  variation  of  the 
turntable  commonly  called  wow. 
Everyone  is  familiar  with  the  dis¬ 
cordant  quavering  of  sustained 
piano  or  bell  tones  that  are  encoun¬ 
tered  in  the  reproduction  of  phono¬ 
graph  music.  This  is  the  direct  re¬ 
sult  of  turntable  speed  variation. 

Wow  can  be  detected  by  the  lis¬ 
tener  when  it  occurs  at  a  relatively 
low  cyclic  .rate.  One  to  three  cycles 
per  second  in  variation  of  frequency 
at  1,000  cycles  seems  to  give  the 
most  noticeable  wow  at  that  fre¬ 
quency.  The  amount  of  wow  that  is 
detectable  varies  with  frequency.  A 


small  amount  is  noticeable  at  high 
frequencies  but  only  larger  amounts 
at  low;  that  is,  a  larger  percentage 
of  variation  in  frequency  is  toler¬ 
able  when  a  low  frequency  is  being 
reproduced.*  In  general,  three- 
tenths  of  one  percent  instantaneous 
speed  variation  is  the  maximum 
that  can  be  tolerated  at  any  fre¬ 
quency  without  introducing  notice¬ 
able  frequency  change  in  the  repro¬ 
duced  tone. 

Caatas  of  Yariotioa 

There  are  a  number  of  reasons 
for  wow  in  turntables  and  these 
may  be  classified  by  the  type  of 
drive  used. . 


In  the  rim-driven  turntable  ec¬ 
centricity  of  the  spindle,  oval  shape 
of  the  turntable,  line  frequency  or 
between  the  spindle  and  the  surface 
of  the  turntable,  line  frequency  or 
voltage  fluctuation,  as  well  as  varia¬ 
tions  in  friction  of  any  part  of  the 
driving  mechanism  during  a  por¬ 
tion  of  a  revolution  result  in  wow. 
In  the  spindle-driven  turntable,  out- 
of-round  shaping  of  the  turntable 
does  not  cause  wow,  but  eccentrici¬ 
ties  in  the  driving  gears  or  an  ec¬ 
centric  spindle  drive  contribute  to 
wow.  Again,  nonuniform  bearing 
friction,  variations  in  line  fre¬ 
quency  and  voltage,  and  any  inac¬ 
curacies  in  the  drive  mechanism 
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tend  to  produce  speed  variation.  An¬ 
other  factor  that  is  somewhat  diffi¬ 
cult  to  control  on  the  spindle-driven 
turntable  is  mechanical  damping  of 
the  mechanism  as  the  turntable  is 
started.  Frequently  the  turntable 
comes  up  to  speed  and  overshoots 
slightly,  then  oscillates  about  the 
desired  speed  for  a  short  time  be¬ 
fore  it  settles  down  to  its  constant- 
speed  operation.  In  both  types  of 
turntable,  variation  in  groove  am¬ 
plitude  of  the  record  causes  a  varia¬ 
tion  in  torque  that  results  in  instan¬ 
taneous  speed  variation  if  the  drive 
motor  does  not  have  sufficient  power 
or  if  the  inertia  of  the  turntable 
and  its  associated  mechanism  is  not 
sufficient  to  carry  through  the  mo¬ 
mentary  periods  of  greater  torque 
requirements.  This  effect  is  similar 
to  the  problems  involved  in  the 
design  of  a  flywheel  to  maintain  a 
required  stability. 

Since  the  requirements  for  con¬ 
stancy  of  speed  in  the  phonograph 
turntable  are  so  rigorous,  it  is  im¬ 
portant  that  a  convenient  means  be 
devised  for  measuring  instanta¬ 
neous  speed  variation. 

There  are  a  number  of  methods 
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by  which  the  wow  of  a  turntable 
might  be  measured. 

Testiag  Methods 

A  method  that  comes  to  mind  im¬ 
mediately  is  the  familiar  strobo¬ 
scopic  disc  which  is  viewed  in  a  60- 
cycle  light  source.  By  observing  the 
position  of  the  dots  or  lines  on  the 
disc  as  the  turntable  is  rotated,  it 
is  possible  to  check  the  average 
speed  of  the  turntable.  This  method, 
however,  is  not  practical  for  check¬ 
ing  the  instantaneous  speed  varia¬ 
tion  with  an  accuracy  which  is 
necessary  in  order  to  have  a  quanti- 
tativemeasure  of  turntable  perform¬ 
ance.  It  is  true  that  the  stroboscope 
disc  does  show  up  variations  in 
turntable  speed  in  the  advancing 
rotation  or  reverse  rotation  of  the 
virtual  marks  of  the  stroboscopic 
disc;  but  the  motion  is  not  easily 
measured  because  it  ordinarily  va¬ 
ries  at  a  rate  equal  to  that  of  turn¬ 
table  rotation.  Since  this  method 
necessarily  involves  visual  inspec¬ 
tion,  the  observer  errors  are  large. 

Another  method  is  to  play  a  con¬ 
stant-tone  record  on  the  turntable 
using  a  conventional  pickup,  ampli¬ 


fier,  and  a  frequency  measuring  sys¬ 
tem.  There  are  a  number  of  reasons 
why  this  is  not  entirely  practical 
except  as  a  rough  approximation. 
This  system  must  necessarily  in¬ 
clude  any  wow  which  is  present  in 
the  original  recording.  It  also  in¬ 
cludes  wow  contributed  by  any  ec¬ 
centricity  of  the  record  owing  to 
off-center  stamping  of  the  blank  or 
clearance  in  the  center  hole.  These 
contributions  to  instantaneous  fre¬ 
quency  variation  may  add  to  or 
subtract  from  that  present  in  the 
turntable  being  tested. 

Another  suggested  means  is  to 
use  a  purely  mechanical  differentia¬ 
ting  speedometer  to  measure  instan¬ 
taneous  speed  variation.  This  would 
be  a  rather  difficult  mechanical 
problem  because  the  mechanism  of 
the  wow  meter  itself  must  be  better 
at  all  times  than  the  mechanism  of 
the  turntable.  Building  any  measur¬ 
ing  device  to  measure  to  within 
one-tenth  of  one  percent  is  a  major 
design  problem.  The  differentiating 
speedometer  must  contribute  no 
friction  to  the  turntable  itself  and  it 
must  have  low  inertia  so  that  it 
does  not  reflect  into  the  turntable  a 
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FIG.  1 — Tooth»d-whMl  tone  generator  centered  on  the  turntable 
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fig.  3 — Schsmotic  circuit  diogrom  oi  th«  wow  motor.  Shorting  switch  across  tho  indicatiag 
motor  proTonts  damogo  whon  tnmtablo  is  startod 


meter  directly  calibrated  in  per¬ 
cent  wow.  On  the  right  is  a  volume 
indicator  for  establishing  the 
proper  level  for  satisfactory  oper¬ 
ation.  Below  the  volume  indicator 
are  two  locking  potentiometers  for 
zeroing  the  volume  indicator  at  both 
frequencies  of  operation.  Below  the 
wow  indicating  meter  on  the  left  is 
a  meter  shorting  switch  and  the 
master  gain  control,  as  well  as  the 
33  J  and  78  rpm  changeover  switch. 

In  the  schematic  diagram  of  Fig. 
3  may  be  seen  a  conventional  volt¬ 
age  amplifier  upon  which  no  par¬ 
ticular  effort  was  expended  to  se¬ 
cure  extended  frequency  response 
beyond  1,000  cycles 'and  below  400 
cycles.  The  input  transformer 
matches  the  output  of  the  pickup 
coils  to  the  input  grid  with  an  im¬ 
pedance  ratio  of  approximately  250 
to  30,000  ohms.  The  first  stage  of 
the  voltage  amplifier  uses  a  high-mu 
6SF5  tube.  The  audio  is  then  fed 
into  a  limiter  circuit  of  the  biased- 
diode  type  using  germanium  1N34 
diodes.  This  is  in  reality  a  peak 
clipper  in  which  the  diodes  are 
biased  with  a  voltage  obtained 
from  the  cathode  circuit  *  of  the 
second  amplifier  stage.  A  series  grid 
resistor  of  1  megohm  provides  a 
high  impedance  source  so  that  ef¬ 
fective  peak  clipping  occurs  when¬ 
ever  the  peak  a-c  voltage  exceeds 
the  bias  provided  by  the  cathode 
circuit.  The  second  amplifier  stage 
consists  of  a  6J6  feeding  the  two 
output  tubes.  Since  high  frequency 
response  is  not  required,  it  is  satis¬ 
factory  to  feed  the  two  6V6  grid 
circuits  in  parallel.  One  6V6  feeds 
the  push-pull  and  the  other  the 
series  portion  of  the  discriminator 
circuit.  A  single  6H6  serves  as  a 


FIG.  4 — Method  oi  calibrating  the  meter  by 
Lissaious  figures 


discriminator  rectifier  feeding  a 
zero-center  microammeter  with  an 
undamped  movement.  Two  sets  of 
capacitors,  C,  and  C,  for  33^  and 
Cl  and  Ci  for  78  rpm,  makes  possible 
a  more  flexible  wow  meter  for  use 
with  both  turntable  speeds.  The 
variable  portions  of  this  tuned  cir¬ 
cuit  Cl  and  Cl  are  high-capacitance 
variable  ceramic  capacitors  that  are 
convenient  in  this  application.  A 
volume  indicator  is  connected  across 
the  output  of  one  of  the  6V6  tubes 
so  that  the  proper  voltage  may  be 
fed  into  the  discriminator  for  satis¬ 
factory  operation.  This  meter  is 
switched  with  the  variable  capaci¬ 
tors  used  to  tune  the  discriminator. 
Two  5,000-ohm  potentiometers  are 
used  to  adjust  the  volume  indicator 
to  zero  at  the  level  at  which  calibra¬ 
tion  was  made.  A  shorting  switch 
must  be  provided  to  protect  the 
meter  as  the  turntable  comes  up  to 
speed.  With  a  sensitive  circuit  such 
as  must  be  used  to  detect  wow  of  0.1 
percent,  excessive  deflection  occurs 
with  large  frequency  differences 
that  are  present  before  the  turn¬ 
table  reaches  its  correct  operating 
speed.  Without  the  shorting  switch 
severe  pinning  of  the  meter  occurs 
during  the  starting  of  the  turn¬ 


table.  The  resonant  circuit  of  the 
discriminator  must  use  a  high-Q 
audio  coil  at  L,  to  secure  adequate 
sensitivity.  Since  the  inductance  of 
Li  varies  with  the  a-c  voltage  pres¬ 
ent  across  it,  it  is  necessary  to  hold 
the  level  into  the  discriminator  at 
a  value  corresponding  to  that  which 
was  used  during  calibration. 

Staadords  of  Calibrafioa 

The  block  diagram  in  Fig.  4 
shows  a  method  by  which  the  wow 
meter  can  be  calibrated.  Oscillator 
1  is  fed  into  the  wow  meter  and 
the  vertical  plates  of  an  oscilloscope, 
while  oscillator  2  feeds  the  hori¬ 
zontal  plates  of  the  scope  only.  With 
the  two  oscillators  at  the  same  fre- 
quency,*the  usual  circular  pattern  is 
observed  on  the  screen. 

Before  indicating  how  to  measure 
minute  frequency  variations  accu¬ 
rately,  the  fundamental  relationship 
of  Lissajous  figure  should  be  re¬ 
viewed.  The  figure  seen  when  there 
is  a  slight  variation  in  frequency 
between  the  two  input  voltages  ap¬ 
plied  to  an  oscilloscope  progresses 
from  a  circle  to  a  straight  line,  to 
a  circle  to  a  straight  line,  and  so  on. 
The  figure  passes  through  two 
straight  line  portions  a  second  for 
a  frequency  difference  of  one  cycle 
a  second.  By  using  a  stop  watch  and 
counting  for  a  period  of  a  half 
minute  or  so,  it  is  possible  to  meas¬ 
ure  the  frequency  of  the  oscillator 
accurately  even  to  a  portion  of  a 
cycle  a  second  as  is  required  in 
practical  wow  measurements.  In  a 
like  manner,  for  each  frequency  dif¬ 
ference  at  which  the  meter  is  to  be 
calibrated  the  reading  of  the  dis¬ 
criminator  is  recorded.  This  plot  of 
readings  gives  an  accurate  calibra¬ 
tion  of  the  wow  meter.  By  repeat¬ 
ing  the  process  it  is  possible  to  cali¬ 
brate  the  meter  to  read  both  at  78 
and  33J  rpm.  Since  the  microam¬ 
meter  used  is  undamped,  the  meter 
swings  up  and  down  scale  in  syn¬ 
chronism  with  the  wow  frequency 
during  the  operation  of  the  instru¬ 
ment.  The  peak  wow  is  half  the 
total  deflection  plus  and  minus  from 
the  average  position  of  the  meter. 
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Shoran  gronnd  station  antonno  Installation  noor  llghthonso  in  Coribboan  oroo 


Shoran  for  Surveying 


AAF  tests  indicate  that  shoran  has  advantages  over  ground  triangulation  and  astronomic 
control  for  many  geodetic  survey,  photo  mapping,  and  geophysical  prospecting  jobs. 
^  Operating  principles,  circuits,  and  application  techniques  are  given 


The  shoran  (SHOrt  RAnge 
Navigation)  system  of  two 
ground  stations  or  beacons,  to> 
gether  with  associated  shoran- 
equipped  aircraft,  was  developed 
primarily  as  a  precision  bombing 
device.  As  such  it  was  used  with 
extremely  accurate  results  during 
the  latter  phases  of  the  war.  Shoran 
now  appears  to  be  one  of  the  few 
military  electronic  developments  to 
have  practical  postwar  uses,  and  is 
therefore  worthy  of  consideration 
as  a  new  tool  of  industry. 

Prlaeipl*  of  Shoraa 

A  shoran-equipped  aircraft  car¬ 
ries  a  transmitter  which  radiates 
pulses  in  alternate  groups  at  two 
different  carrier  frequencies.  One 
of  the  two  ground  stations  is  tuned 
to  one  carrier  frequency  and  the 
other  station  to  the  remaining  fre¬ 
quency.  Reception  of  a  pulse  from 
the  aircraft  causes  a  ground  station 
to  act  as  a  transponder  and  relay  a 
pulse  on  a  different  frequency  back 
to  the  aircraft,  where  it  is  received 
and  displayed,  and  the  distance  to 
that  station  recorded.  Since  the 


ground  beacons,  called  Rate  and 
Drift  stations,  transmit  on  a  com¬ 
mon  frequency,  the  system  utilizes 
three  different  radio  frequencies, 
all  in  the  neighborhood  of  250  me. 

Since  radio  waves  travel  in  ap¬ 
proximately  straight  lines  at  250 
me,  the  theoretical  maximum  meas¬ 
urable  distance  from  the  aircraft  to 
any  one  ground  station  will  vary 
with  the  height  of  the  plane.  This 
distance  varies  from  about  100 
miles  with  the  aircraft  at  5,000  feet 
to  about  280  miles  at  an  altitude 
of  50,000  feet.  Maximum  separa¬ 
tion  of  the  two  ground  stations  is 
thus  from  about  350  to  500  miles, 
depending  ui)on  the  type  of  survey. 

The  airline  distances  from  air¬ 
craft  to  ground  are  converted  to 
actual  point-to-point  distances  on 
the  ground  by  mathematical  formu¬ 
las.  Estimated  probable  error  with 
unmodified  shoran  equipment  is 
±50  feet. 

As  a  system  for  accurately  posi¬ 
tioning  an  aircraft  with  respect  to 
two  fixed  stations,  the  commercial 
importance  of  shoran  becomes  enor¬ 
mously  significant.  In  the  field  of 


geodesy,  for  instance,  it  is  often 
necessary  to  determine  accurately 
the  distance  between  two  ground 
points.  Use  of  shoran  for  this  pur¬ 
pose  has  been  successfully  investi¬ 
gated  by  the  7th  Geodetic  Control 
Squadron,  311th  Reconnaissance 
Wing,  AAF,  and  techniques  are  still 
under  development. 

Shoran  bombing  equipment  was 
not  sufficiently  accurate  for  geod¬ 
esy.  Possible  sources  of  error  were 
therefore  studied  and  'a  knowledge 
of  their  magnitude  led  to  more  ac¬ 
curate  determination  and  control 
of  system  delay  times. 

The  path  length  of  the  radio  wave 
traveling  between  ground  station 
and  aircraft  is  affected  by  weather 
conditions.  Accurate  weather  data 
is  consequently  obtained  and  cor¬ 
rections  made  in  the  value  used  for 
velocity  of  radio  wave  propagation. 

For  surveying  with  shoran,  the 
aircraft  is  flown  to  a  previously 
specified  area  under  the  direction  of 
the  navigator.  The  navigator  then 
directs  the  aircraft  on  a  line  per¬ 
pendicular  to  one  drawn  between 
the  two  ground  stations.  The  pilot 
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scale,  but  because  shoran  stations 
are  so  far  apart,  monumenting  of 
the  surveyed  area  cannot  be  done. 
Then  again,  in  island  areas  where 
locations  between  points  cannot  be 
seen  because  of  great  distance,  or 
where  anomalies  exist  that  preclude 
accurate  use  of  astronomic  control, 
good  surveys  cannot  be  made 
quickly  by  any  other  method. 

Astronomic  control  can  be  used 
for  scales  as  large  as  1-250,000  and 
no  larger.  Ground  triangulation 
with  monumentation  becomes  very 
expensive  when  the  scale  is  of  the 
order  of  1-25,000  or  larger. 

Perhaps  the  most  general  com¬ 
mercial  use  of  shoran  is  its  combi¬ 
nation  with  photogrammetry  for 
aerial  surveys  and  mapping.  A  pos¬ 
sible. survey  of  this  type  is  shown 
in  Fig.  1. 

The  usual  method  of  photo  map- 
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FIG.  1 — Um  of  ahoron  for  aoriol  photographic  aarroys.  Indicator  on 
aircraft  ohowa  oirlino  diatonca  to  aach  ground  atation.  and  oparotor  uaaa 
thia  data  to  datannina  dariotion  from  daairad  flight  path 


guides  the  plane  on  this  line  with  accurate  equipment  calibration  and 
the  aid  of  a  PDI  (pilot  direction  mathematical  computations,  has  re- 
indicator).  Meanwhile  the  flight  suited  in  measured  distances  corn- 
team  operates  the  shoran  equipment  parable  to  ground  survey  by  usual 
and  the  various  data  recorders.  At  first-order  triangulation  methods, 
a  predetermined  point  the  pilot  Further  study  and  investigation 
turns  the  aircraft  to  a  new  line  at  will  undoubtedly  increase  efficiency 
an  angle  of  approximately  ten  de-  and  reduce  operation  costs, 
grees  to  the  line  between  the  sta-  Shoran  can  be  used  cheaply  to 
tions  and  now  controls  the  aircraft 
with  the  autopilot.  Necessary  data 
for  computations  is  then  recorded 
on  film  every  three  seconds  as  the 
airplane  continues  on  course.  The 
plane  then  starts  a  crossing  in  the 
reverse  manner,  completing  a  fig¬ 
ure-of-eight  path  over  the  center  of 
the  line  between  stations. 

Somewhere  in  the  accumulated 
data  appears  the  minimum  air-to- 
ground  distance  to  the  stations. 

This  minimum  is  determined  by  fit¬ 
ting  a  curve  to  the  various  consecu¬ 
tive  distances  plotted  against  time 
by  a  method  of  least  squares. 

A  complete  geometrical  figure  of 
five  ground  station  points  is  flown, 
measuring  all  sides  and  diagonals 
of  the  pentagon  thus  produced. 

After  all  network  distances  are 
measured  and  corrected  for  errors, 
a  further  least  squares  adjustment 
is  made  of  the  entire  network,  to 
obtain  the  most  probable  set  of  con¬ 
sistent  distances. 

Cost  of  Shoras  Sorvoyi 

Careful  operation  of  ground  sta¬ 
tion  and  airborne  equipment  by 
qualified  technicians,  combined  with 


Airborne  indicator  and  recorder  for  ghoran 
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ping  involves  taking  a  series  of 
photographs  as  the  aircraft  pro¬ 
ceeds  along  a  predetermined  course. 
Successive  course  lines  are  flown 
with  about  a  60  percent  forward  lap 
and  a  SO  percent  side  lap  of  pho¬ 
tographs  taken.  Photo  charts  are 
then  made  from  the  series  of  over¬ 
lapping  individual  photographs. 
The  resultant  chart  is  only  as  good 
as  the  accuracy  with  which  the  air¬ 
craft  is  flown  on  course. 

Using  shoran,  course  lines  of  the 
aircraft  are  plotted  in  advance,  the 
operational  team'  guides  the  air¬ 
craft  along  the  desired  course 
through  the  use  of  the  PDI  and 
operation  of  the  shoran  equipment, 
and  all  necessary  data  on  position 
and  altitude  is  recorded  photograph¬ 
ically  while  map  photos  are  being 
taken. 

Two  general  t3rpes  of  course  lines 
have  been  flown.  With  reference  to 
Fig.  1,  consider  the  aircraft  in 
space  at  the  point  shown,  with  a 
distance  of  R1  to  the  rate  station 
and  R2  to  the  drift  station.  As  the 
aircraft  flies  its  path,  these  dis¬ 
tances  change  constantly  if  the  path 
is  a  straight  line  as  diagrammed. 
If  the  plane  were  to  fly  a  series  of 
arcs  over  the  given  area,  one  dis¬ 
tance  from  a  station  would  remain 
constant  and  the  other  would  vary. 
In  either  case  a  PDI  is  driven  from 
the  shoran  equipment  to  show 
course  deviation.  Both  types  of 
flight  path  have  been  used  with 
success. 

Photographs  taken  with  shoran 
guidance  can  be  used  with  multiplex 
equipment  to  make  accurate  maps 
quickly  with  scales  as  large  as  1- 
25,000.  These  maps  can  be  as  ac¬ 
curate  as  any  other  existing  maps 
of  the  area  if  the  ground  stations 
are  installed  carefully  and  tied  to 
existing  monumentation  by  either 
shoran  or  usual  ground  triangula¬ 
tion  methods. 

Geophysical  Prospoctiog 

Another  outstanding  wartime  de¬ 
vice,  the  magnetic  airborne  detector 
(MAD),  was  developed  to  locate 
submarines.  This  device,  used  with 
shoran,  an  aerial  camera,  and  a  ra¬ 
dio  altimeter,  will  allow  accurate 
contour  mapping  or  reduce  costs  of 
geophysical  reconnaissance.  The 
technique  therefore  has  application 


in  the  oil  and  similar  industries. 
Aircraft-locating  requirements  for 
magnetic  surveys  are  adequately 
met  by  shoran. 

The  camera  used  with  MAD  is 
a  35-mm  Sonne,  with  image  stabili¬ 
zation  added,  that  records  a  contin¬ 
uous  film  strip  of  the  terrain.  Cor¬ 
relation  with  the  magnetic  record  is 
achieved  through  serial  numbers 
and  edge  marks  on  the  film.  The 
aircraft  is  flown  on  arcs  from  one 
ground  station  through  PDI  con¬ 
trol,  and  deviations  from  course  are 
noted  on  tape.  A  recording  radio 
altimeter  provides  continuous  infor¬ 
mation  of  the  aircraft  altitude. 
Resultant  magnetic  readings  can 
therefore  be  plotted  to  a  space  of 
approximately  a  100-foot  cube,  and 
the  complete  survey  made  quickly 
and  economically.  The  value  of  such 
a  system  becomes  obvious  when 
otherwise  inaccessible  areas  or 
water  and  island  areas  are  consid¬ 
ered  for  survey. 

Shoran  has  also  been  successfully 
used  in  locating  the  position  of 
ships  off  shore,  providing  the  dis¬ 
tances  do  not  exceed  line  of  sight 
from  antenna  to  antenna.  Thus  ac¬ 
curate  positioning  of  the  craft  is 


provided,  while  the  desired  hydro- 
graphic  or  geophysical  surveys  pro¬ 
ceed  with  other  associated  equip¬ 
ment. 

Taehaical  Details 

The  block  diagram  in  Fig.  2 
shows  the  major  units  in  airborne 
shoran  equipment  and  in  one  of  the 
two  identical  ground  stations.  The 
associated  photo  recorder,  remote 
indicator,  radio  altimeter,  and  simi¬ 
lar  devices  are  not  shown  for  sim¬ 
plicity. 

Aircraft  ledicator 

The  aircraft  indicator  is  the 
heart  of  the  entire  unit.  It  is  here 
that  the  pulses  are  generated  and 
recorded,  and  the  distances  to  the 
stations  shown. 

The  crystal-controlled  tuned-plate 
oscillator  circuit  uses  a  6AC7  tube 
with  capacitive  feedback,  tuned  tc 
approximately  93  kilocycles.  This 
frequency  gives  a  maximum  di¬ 
rectly  indicated  distance  of  100 
miles;  greater  distances  up  to  line 
of  sight  require  appropriate  inter¬ 
pretation  of  indirect  readings.  The 
time  for  a  200-mile  round  trip  of 
a  pulse  is  1,074  microseconds,  hence 
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dicating  dials  connected  thereto 
read  the  required  distance. 

P«Im  Selector  Chrceit 

The  pulse  selector  circuit  for  the 
rate  and  drift  channels,  shown  in 
Fig.  4,  is  representative  of  the  type 
of  circuit  used  in  the  unit  as  a 
whole.  Pulse  selection  is  a  means 
of  blocking  the  passage  through  a 
signal  channel  of  all  but  one  of  the 
positive  sine-wave  peaks  of  the  93- 
kc  sine-wave  train  which  occurs 
during  each  0.93-kc  wave.  The  one 
peak  passed  forms  a  short  pulse 
with  a  repetition  rate  of  0.93-kc  or 
930  pulses  i)er  second.  The  method 
allows  accurate  selection  of  the 
pulse  desired,  or  accurate  phasing 
of  the  pulse  produced  without  use 
of  complicated  high-accuracy  cir¬ 
cuits. 

The  6SA7  pulse  selector  receives 
three  inputs  from  phase  advance 
circuits.  The  grids  are  biased  be¬ 
yond  plate  current  cutoff  so  that 
no  current  will  flow  unless  all  three 
grids  are  made  more  positive  by  a 
considerable  amount.  The  output  at 
the  plate  of  the  tube  therefore  con¬ 
sists  of  pulses  at  a  repetition  rate 
of  930  pps  with  a  pulse  width  of 
two  microseconds. 

We  thus  have  a  continuous  output 
of  pulses  from  the  selectors  of  the 
rate  and  drift  channels.  The 
amount  of  phase  advance  for  each 
channel  will  depend  upon  the  dis¬ 
tance  of  the  aircraft  from  the  sta¬ 
tion  in  question,  and  some  means 
must  be  incorporated  for  the  trans¬ 
mitter  following  to  differentiate  be¬ 
tween  the  rate  and  drift  pulses. 
This  differentiation  is  accomplished 
by  a  motor-driven  commutator 
which  performs  a  complete  sequence 
of  switching  operations  every  one- 
tenth  second.  Actually,  the  two 
pulse  outputs  are  used  alternately 
for  periods  of  1/40  second,  with  pe¬ 
riods  of  1/40  second  interspersed 
between  them.  This  means  that 
during  one  period  about  23  rate 
pulses  are  transmitted,  and  23  drift 
pulses  go  out  the  next  time  the 
aircraft  transmitter  is  pulsed. 

A  pulse  amplifier  feeds  the  com¬ 
mutator  output  pulses  to  the  air¬ 
craft  transmitter.  This  amplifier, 
using  a  6AC7  tube,  also  feeds  a 
short  blanking  pulse  to  the  control 
grid  of  the  cro  with  such  polarity 


the  pulse  repetition  rate  must  not 
be  greater  than  930  pps.  Since  the 
final  indication  is  to  be  a  pip  align¬ 
ment  on  a  circular  cathode-ray  os¬ 
cilloscope  (cro)  screen,  the  sweep 
frequency  should  also  be  93  kc;  Ac¬ 
curacy  of  alignment  is  facilitated 
by  two  higher  sweep  speeds,  9.3  kc 
and  0.93  kc,  providing  ten-  and  one- 
mile  ranges. 

The  crystal  oscillator  is  followed 
by  two  regenerative  frequency  di¬ 
viders,  each  of  which  divides  by 
ten.  Referring  to  Fig.  3,  two  fre¬ 
quencies  beat  in  the  nonlinear  6V6, 
providing  the  output  at  one-tenth 
the  input  frequency.  The  output 
phase  is  stable,  and  correlated  with 
that  of  the  input. 

The  three  sinusoidal  output  sig¬ 
nals  of  the  oscillator-frequency 
divider  chain  are  fed  to  three  sepa¬ 
rate  quadrature  networks,  each  de¬ 
signed  to  produce  at  its  own  par¬ 
ticular  frequency  two  sinusoidal 
signals  of  equal  voltage,  but  in 
quadrature.  One  set  of  these  sig¬ 
nals  goes  to  the  sweep  circuits,  and 
then  to  the  cro  for  generation  of 
the  circular  motion  of  the  lumines¬ 
cent  spot  at  the  correct  rate  for  the 
scale  chosen.  The  other  outputs  are 
fed  to  the  variable  phase  advance 
circuits,  with  the  9.3-  and  0.93-kc 
quadrature  signals  going  also  to 
the  phase  adjust  circuits. 

The  phase  advance  circuits  feed 
into  rate  and  drift  pulse  selector 
sections,  which  generate  the  rate 
and  drift  pulses  used  to  drive  the 
aircraft  transmitter.  The  phase  ad¬ 
just  circuits  feed  the  marker  pulse 
selector  which  generates  the  pulses 
that  serve  as  a  time  base,  producing 
outward  deflections  of  the  circular 
sweep  at  the  top  of  the  cro  screen. 

The  rate  and  drift  received 
pulses  also  appear  as  deflections  of 
the  circular  base  line  of  the  cro. 


When  the  shoran  operator  superim¬ 
poses  the  marker,  rate,  and  drift 
deflectors,  the  indicator  dials  read 
the  distance  to  each  station  in  miles. 

The  transmitted  rate  and  drift 
pulses  must  be  advanced  in  phase 
with  respect  to  the  marker  pulses 
by  an  amount  exactly  equal  to  the 
time  in  transit  of  the  signal  to  the 
stations  plus  the  time  delays  of  the 
equipment  This  phase  advancing 
is  accomplished  by  accurately  cali¬ 
brated  goniometers  of  the  continu¬ 
ous  type,  in  which  the  two  quadra¬ 
ture  inputs  are  applied  to  two  stator 
coils  oriented  so  their  planes  inter¬ 
sect  at  an  angle  of  90  degrees.  The 
output  is  taken  from  a  rotor  coil, 
the  angle  of  which  determines  the 
relative  phase  of  the  output  through 
360  degrees.  There  is  a  phase  ad¬ 
vancer  for  each  frequency  and 
hence  range;  the  drift  advancers 
and  three  rate  advancers  are  sepa¬ 
rately  ganged,  so  the  resultant  in- 
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as  to  cut  pff  the  beam  current  mo> 
mentarily  until  the  transmitted 
pulse  has  time  to  leave  the  antenna. 
This  prevents  the  pulses  sent  out 
by  the  transmitter  from  appearing 
on  the  cathode-ray  oscilloscope. 

The  phase  adjust  network  con¬ 
sists  of  a  potentiometer  across  di¬ 
agonally  opposite  points  of  the 
quadrature  network.  Varying  the 
potentiometer  varies  the  phase  of 
the  signal  over  a  180-degree  range. 

The  93-kc  signal  for  the  marker 
pulse  selector  is  .taken  from  the 
crystal  oscillator  through  a  phasing 
capacitor  and  cathode  follower.  The 
lead  is  coaxial  cable.  The  cathode 
follower  prevents  the  large  and  va¬ 
riable  capacitance  of  the  cable  to 
ground  from  detuning  the  oscillator. 

Since  the  marker  pulses  have  a 
frequency  of  930  pps,  one  marker 
pulse  would  appear  on  the  cro  for 
every  sweep  of  the  100-mile  range, 
but  only  one  marker  for  every  ten 
sweeps  on  the  ten-mile  range,  and 
one  for  every  hundred  sweeps  on 
the  one-mile  range.  Obviously  the 
same  condition  would  exist  with  re¬ 
spect  to  the  received  pulses.  The  ap¬ 
plied  solution  is  the  use  of  a  circle¬ 
blanking  pulse  selector  (6SA7)  and 
a  blanking  amplifier  (6SN7)  which 
blanks  out  all  sweeps  except  those 
during  which  the  marker  and  re¬ 
ceived  pulses  occur,  and  at  the  same 
time  intensifies  the  desired  sweep. 

Noise  voltages  would  be  displayed 
on  all  portions  of  the  sweep  if  the 
aircraft  receiver  output  were  fed 
to  the  cro  at  all  times.  For  this  rea¬ 
son,  the  receiver  output  is  discon¬ 
nected  during  the  display  of  the 
marker  pulses.  This  is  accomplished 
by  screen  and  suppressor  modula¬ 
tion  of  the  inverter  and  amplifier 
tubes.  Blanking  pulses  are  obtained 
from  the  offset  marker  network, 
and  supplied  through  the  receiver 
blanking  amplifier  and  blocking  ca¬ 
pacitors  in  negative  polarity  with 
respect  to  the  inverter  and  ampli¬ 
fier  tubes  so  as  to  cut  off  plate  cur¬ 
rent  in  these  tubes. 

If  the  marker  pulse  and  the  re¬ 
ceived  rate  and  drift  pulses  occur 
on  the  same  sweep,  alignment  of 
the  two  pulses  would  be  difficult 
since  they  would  tend  to  become  ad¬ 
ditive  the  closer  they  were  brought 
in  alignment,  and  it  would  be  hard 
to  discern  the  three  pulses.  The 


marker  and  the  received  pulses 
should  occur  on  different  sweeps, 
since  the  latent  image  on  the  tube 
is  sufficient  for  alignment  purposes. 
On  the  100-mile  sweep  the  marker 
occurs  on  each  sweep,  so  separation 
is  not  possible.  On  the  10-mile  and 
one-mile  range,  the  marker  pulse 
is  offset  by  one  and  by  ten  sweeps 
respectively.  This  is  accomplished 
through  a  differently  phased  0.93-kc 
source  for  the  generation  of  marker 
pulses  in  these  positions,  known  as 
the  offset  marker. 


Aircraft  Traasnittar 


The  successive  rate  and  drift 
pulses  are  delivered  to  the  aircraft 
transmitter  for  transmittal  to  the 
respective  ground  stations.  In  the 
pulse  shaping  section  of  the  trans¬ 
mitter  the  pulses  are  amplified  and 
steepened  and  their  tops  flattened 
without  changing  the  timing  of  the 
leading  edges. 

The  modulator  driver  and  the 
modulators  are  of  conventional 
design.  The  driver  is  a  3E29  twin- 
pentode  tube  with  the  sections  con¬ 
nected  in  parallel,  while  the  modu¬ 
lator  consists  of  two  tubes  of  the 
same  type  with  all  four  sections  par¬ 
alleled. 

The  oscillator  is  a  tuned-grid 
tuned-cathode  push-pull  circuit  in 
which  the  grid  and  cathode  circuit 
tanks  are  resonant  transmission 
lines.  The  plates  are  at  zero  r-f  volt- 


Shoran  ground  itation 


age  with  respect  to  ground,  and 
hence  the  stage  does  not  oscillate 
except  during  the  time  when  posi¬ 
tive  pulses  are  supplied  from  the 
modulator  to  provide  plate  voltage. 

Oscillator  tuning  is  adjusted  by 
varying  the  electrical  length  of  the 
grid  line  with  a  movable  shorting 
bar.  Another  bar  is  used  to  short- 
circuit  the  line  closer  to  the  tube. 
A  vacuum  relay,  excited  by  commu¬ 
tator  action,  switches  the  output 
from  one  line  condition  to  the  other, 
producing  two  output  frequencies 
differing  by  15  to  30  me  and  used 
for  triggering  rate  and  drift  sta¬ 
tion  receivers  respectively. 

The  ground  station  and  airborne 
antennas  are  identical  and  are  es¬ 
sentially  vertical  quarter-wave  an¬ 
tennas  working  agqinst  ground. 
The  antenna  is  placed  directly  on 
the  aircraft,  but  at  the  ground  sta¬ 
tion  it  is  mounted  on  a  fifty-foot 
plywood  mast  and  backed  by  a  90- 
degree  corner  reflector. 


Groaad  Sfaflea  Raeaivor 


The  frequency  range  of  the  uhf 
superheterodyne  receiver  at  the 
ground  station  is  from  210  to  230 
me,  with  a  band  width  of  4  me, 
measured  from  points  on  the  selec¬ 
tivity  curve  at  which  gain  is  70  per¬ 
cent  of  maximum.  Sensitivity  is 
2.6  microvolts,  or  9  db  above  the 
thermal  noise  level.  The  i-f  circuits 
are  single-tuned,  with  their  reso¬ 
nant  frequencies  stagger-tuned  to 
the  middle  and  both  edges  of  the 
30-mc  i-f  pass  band.  Converter  and 
oscillator  circuits  are  tuned  to  rate 
or  drift  carrier  frequency  by  a 
variable  transmission*  line  con¬ 
trolled  manually  from  the  front 
panel. 


Greaad  Statlea  Mealter 


The  monitor  at  the  ground  sta¬ 
tion  is  interposed  between  the  re¬ 
ceiver  for  incoming  pulses  and  the 
ground  transmitter  that  sends  them 
back  to  the  aircraft.  It  provides  a 
standard  signal  to  the  aircraft  as 
a  frequency  standard  for  the  sys¬ 
tem,  and  also  provides  a  means  for 
checking  the  delay  of  the  station 
through  fixed  time  delay  networks. 

The  output  pulses  of  the  ground 
receiver  go  to  the  variable  delay 
network.  This  artificial  transmis¬ 
sion  line  allows  the  operator  to 
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cult  tanks  are  resonant  parallel- 
conductor  transmission  lines.  The 
plates  are  srrounded  with  respect 
to  r-f,  so  the  stage  will  oscillate 
only  when  pulses  are  supplied  from 
the  modulator.  Frequency  is  ad¬ 
justed  by  varying  the  electrical 
length  of  the  grid  line  through  the 
use  of  a  movable  short-circuiting 
bar  across  it  The  cathode  tank 
can  also  be  tuned  through  the  use 
of  a  similar  shorting  bar. 

Aircraft  Roeaivar 

The  'returned  pulse  is  accepted 
by  the  aircraft  receiver  (identical 
with  ground  station  receiver),  and 
the  receiver  output  is  sent  to  the 
inverted  and  amplifier  stages  in  the 
indicator.  Here  the  polarity  of 
the  received  pulses  is  reversed  in¬ 
termittently  by  a  polarity-reversing 
switch  phased  with  the  commutator 
action  in  such  a  way  as  to  have 
the  received  rate  pulses  produce 
an  outward  deflection  of  the  cro 
trace,  and  the  drift  pulses  an  in¬ 
ward  deflection.  This  circuit  also 
terminates  the  receiver  blanking 
system. 

If  the  shoran  airborne  operator 
operates  the  indicator  so  that  the 
marker,  drift,  and  rate  pulses  are 
superimposed,  the  mileage  dials  will 
accurately  show  the  distance  to 
each  station  in  miles,  tenths,  and 
hundredths. 

oscillator  is  tuned  to  the  same  fre-  ,  .  » 

quency  as  the  receiver  (in  the  210- 

to  230-mc  range),  and  the  pulses  Practically  speaking,  the  ground 
are  fed  through  a  transmission  line  station  equipment  can  be  installed 
and  coupling  loop  into  the  path  in  about  eight  hours,  including 
of  the  received  pulses.  The  stand-  auxiliary  living,  radio,  and  asso- 
ard  pulses  are  also  used  for  measur-  dated  equipment,  by  a  crew  of  five 
ing  overall  ground  station  delay.  men.  It  can  then  be  operated  by 

two  men,  one  on  the  monitor  and 
the  other  in  radio  contact  with  the 
aircraft  and  other  stations  in  the 
net.  All  equipment  can  be  car¬ 
ried  in  a  jeep  and  trailer,  making 
for  reasonable  maneuverability  in 
rough  terrain. 

The  aircraft  equipment  should 
be  mounted  in  a  plane  having  stable 
flying  characteristics.  Most  Air 
Forces  work  has  been  done  in  the 
B-17  type. 

Although  not  completely  per¬ 
fected  at  the  present  writing, 
shoran  has  definitely  shown  its 
practicability  in  its  present  state 
as  a  new  tool  of  industry. 


Trplcal  shorcm  ground  atation  as  sot  up  by  surToying  crow,  using  50-ioot  plywood 
mast  to  support  a  Yortical  quortor-waro  antonna  backed  by  SO^egree  comer  reflector 


standardize  the  overall  delay  of  the 
ground  station  at  a  predetermined 
value. 

A  cathode  follower  stage  pro¬ 
vides  impedance  transformation 
between  the  relatively  high  im¬ 
pedance  of  the  variable  delay  cir¬ 
cuit  and  the  low  impedance  of  the 
cable  line  to  the  transmitter. 

The  accuracy  of  the  entire  sys¬ 
tem  depends  upon  the  accuracy  of 
the  fundamental  frequency  of  the 
crystal  oscillators.  The  oscillator 
circuit  in  the  aircraft  is  subject 
to  drift,  hence  the  93.109-kc  crys¬ 
tal  oscillator  of  the  monitor  is  used 
as  a  standard.  The  output  of  this 
oscillator  passes  through  a  fre¬ 
quency-dividing  chain  in  which  its 
frequency  is  divided  by  100.  The 
resulting  931.09-cycle  signal  is  con¬ 
verted  into  short  pulses  of  suitable 
power  and  shape,  and  the  pulses 
are  used  to  key  a  uhf  oscillator 
operating  at  very  low  power.  This 


GceaRd  Statioa  TroMinittar 

Pulses  leaving  the  monitor  enter 
the  shaping  and  amplifying  stages 
of  the  transmitter.  The  general 
purpose  of  these  stages  is  to  elimi¬ 
nate  noise  in  the  signal,  amplify, 
and  shape  the  pulses  for  use  by  the 
modulator  and  oscillator  stages. 

The  modulator  driver  and  modu¬ 
lator  are  of  conventional  design, 
incorporating  3E29  tubes  with  the 
sections  paralleled. 

The  oscillator  consists  of  two 
type  4C28  triodes  in  a  push-pull 
tuned-grid  tuned-cathode  circuit, 
in  which  the  grid  and  cathode  cir- 
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Radio  receivers,  to  be  suffi¬ 
ciently  stable  in  the  very  high 
frequency  portion  of  the  spectrum, 
require  crystal  control.  However  to 
provide  separate  crystals  for  each 
channel  is  often  impractical. 

The  need  for  simplicity  is  espe¬ 
cially  great  in  aircraft  equipment 
operating  in  the  108  to  132  mega¬ 
cycle  band,  in  which  such  aviga- 
tional  facilities  as  localizers  and 
omnidirectional  ranges,  and  such 
communicational  facilities  as  tower 
and  airways  (ffiannels  and  domestic 
and  international  operational  sta¬ 
tions  are  located.  An  aircraft  flying 
from  coast  to  coast  in  the  United 
States  can  use  as  many  as  forty 
frequencies  in  this  band,  if  it  stays 
on  the  same  company  airway ;  if  the 
plane  is  interchanged  between  com¬ 
panies  at  terminal  points  on  the 
way,  more  frequencies  would  be 
used.  All  these  frequencies  should 
be  crystal  controlled. 

To  minimize  the  required  number 
of  crystals  both  to  reduce  produc¬ 
tion  cost  and  simplify  servicing,  a 
crystal  saver  circuit  has  been  de¬ 
vised  for  use  in  the  Bendix  MN-85 
vhf  navigation  system  receiver. 


Cireait  PriHcipl* 

The  basic  problem  to  be  solved  in 
aircraft  receiver  design  is  to  pro¬ 
vide  crystal  control  on  the  120  chan¬ 
nels  spaced  every  200  kilocycles 
throughout  the  108  to  132  me  band. 
Each  frequency  must  be  maintained 
to  better  than  0.01  percent.  Control 
must  be  established  using  a  small 
number  of  self-contained  crystals, 
retaining  simplicity  of  design,  and 
providing  ease  of  maintenance  and 
reliable  performance.  To  meet  the 
requirements  of  frequency  stability, 
a  superheterodyne  receiver  is  nec¬ 
essary.  This  discussion  is  concerned 
only  with  producing  the  required 
number  of  crystal-controlled  local 
oscillator  frequencies  to  obtain  the 
desired  number  of  channels,  and 
does  not  consider  overall  receiver 
design  problems. 

Consider  Fig.  1;  the  variable  os¬ 
cillator  is  the  receiver  local  oscilla¬ 
tor.  It  is  a  free  oscillator,  capable  of 
being  tuned  over  the  frequency  band 
required.  The  radio-frequency  tun¬ 
ing  circuits  are  ganged  and  tracked 
with  the  local  oscillator  tuning.  The 
actual  frequency-rotation  curve  is 
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FIG.  1 — Variobl*  oscillator  of  rocoivor  is  stobilisod  on  any  ono  of  ISO  channsls  in 
Ihs  vhf  aircraft  bond  by  means  of  this  crystal  sorer  circuit 
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unimportant,  but  an  approximation 
to  straight-line  frequency-rotation 
is  helpful  in  stabilizing  tuning  mo¬ 
tor  control  circuits. 

Some  of  the  output  of  the  vari¬ 
able  oscillator  is  fed  to  the  first  fre¬ 
quency  converter  where  it  is  com¬ 
bined  with  the  output  of  the  first 
crystal  oscillator  from  which  one 
harmonic  is  selected  by  means  of 
fixed  tuned  selective  circuits.  The 
first  band-pass  amplifier  passes  the 
difference  frequency  of  the  output 
from  the  first  frequency  converter 
on  to  the  second  frequency  con¬ 
verter  into  which  is  also  fed  the 
output  from  the  second  crystal  os¬ 
cillator.  This  oscillator  may  be  at 
any  one  of  a  number  of  frequencies 
as  determined  by  its  crystal  se¬ 
lector.  The  second  band-pass  am¬ 
plifier  passes  the  difference  fre¬ 
quency  of  the  output  from  the 
mixer  second  frequency  converter. 
Output  from  this  band-pass  ampli¬ 
fier  is  fed  to  a  number  of  fixed  tuned 
discriminators,  of  the  Foster-See¬ 
ley  type,  to  obtain  d-c  output  which 


feeds  the  control  tube.  The  latter, 
in  turn,  operates  the  servomotor. 

Output  from  the  discriminator 
provides  intelligence  for  frequency 
correction  and  for  initial  tuning.  If 
/,  is  the  frequency  of  the  variable 
oscillator,  /*  is  the  frequency  of 
harmonic  selected,  /,  is  the  fre¬ 
quency  of  second  crystal  oscillator, 
and  ft  is  the  frequency  of  discrim¬ 
inator,  then 

/.  -  h  /x  ±  /d  (1) 

when  the  system  is  balanced  by  be¬ 
ing  on  frequency.  Either  the  plus 
or  the  minus  sign  can  be  selected  as 
the  stable  frequency  position  by 
changing  the  sense  of  the  servomo¬ 
tor.  Thus  by  a  few  changes  of  sev¬ 
eral  variables,  many  frequencies 
can  be  crystal  controlled. 

Servemeter  CoNtrol 

To  explain  the  motor  control  cir¬ 
cuit  it  is  helpful  to  examine  a  sim¬ 
plified  form  such  as  is  shown  in 
Fig.  2,  which  shows  only  a  variable 
oscillator  driven  by  a  motor,  with 
a  discriminator  to  determine  the 
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Omnidlfctional  roiiq*  ond  communications  rocoWsr  has  tho  fro<iu0nc7  monitoring  circuit  doscribod  in  this  articlo  at  tho  loit  oi 
ths  chassis.  Ths  r-i  and  i>f  circuits  occupy  tho  uppor  contor  ond  right,  navigation  circuits  extend  along  the  lower  idde  of  the 
chossis.  Two  crystol  ovens  are  in  cans  on  the  underside  of  the  chossis 


Control  Many  Channels 


Local  oscillator  of  multichannel  superheterodyne  receiver  used  for  aircraft  communica¬ 
tion  and  navigation  is. crystal  controlled  on  120  channels  by  only  10  crystals.  Condi¬ 
tions  for  minimum  number  of  crystals,  frequency  spacing,  and  stability  are  described 


oscillator  frequency.  The  direction 
of  motor  rotation  is  determined  by 
relay  contacts  HC,  LC,  their  coils 
being  energized  from  the  output  of 
the  discriminator,  through  the  con¬ 
trol  tube.  Normal  plate  current  of 
the  control  tube  without  discrimi¬ 
nator  output  is  sufficient  to  energize 
LC  only,  in  which  condition  the  mo¬ 
tor  will  not  run. 

The  discriminator  output  will  re¬ 
verse  in  polarity  depending  on 
whether  the  oscillator  frequency  is 
above  or  below  the  discriminator 
frequency.  If  discriminator  output 
is  negative,  plate  current  in  the 
control  tube  will  decrease  and  LC 
will  drop  out,  causing  the  motor  to 
run  in  one  direction.  If  discrimina¬ 
tor  output  is  positive,  plate  current 
in  the  control  tube  will  increase  and 
both  HC  and  LC  will  be  energized, 
causing  the  motor  to  run  in  the  op¬ 
posite  direction.  Thus  the  oscillator 
frequency  is  maintained  equal  to 
the  discriminator  frequency. 

Figure  3  shows  the  next  step 
in  expanding  the  system,  and 


shows  how  the  plus  or  the  minus 
sign  for  the  discriminator  fre¬ 
quency  is  chosen.  The  discrimi¬ 
nator,  instead  of  being  fed  directly 
from  the  oscillator,  is  fed  from 
the  output  of  a  frequency  con¬ 
verter.  The  converter  mixes  the 
output  of  a  crystal  oscillator,  and 
the  oscillator  to  be  controlled.  A 
low-pass  filter  in  the  converter  plate 
circuit  passes  the  difference  fre¬ 
quency.  If  the  oscillator  frequency 
differs  from  the  crystal  frequency 
by  the  discriminator  frequency,  the 
motor  does  not  run.  The  oscillator 
frequency  may  be  either  greater  or 
less  than  the  crystal  frequency  to 
obtain  ,this  result.  But  only  one 
position  is  stable,  depending  upon 
the  motor  polarity.  For,  if  the  os¬ 
cillator  frequency  is  the  smaller, 
then  an  increase  in  oscillator  fre¬ 
quency  decreases  the  difference  be¬ 
tween  oscillator  and  crystal  fre¬ 
quencies,  while  if  the  oscillator 
frequency  is  the  greater  an  increase 
in  its  frequency  will  increase  the 
difference  between  oscillator  and 


crystal  frequencies.  Thus,  by  re¬ 
versing  motor  polarity,  two  stable 
oscillator  frequencies  are  obtained 
for  each  crystal  used. 

In  tuning  a  system  of  this  type, 
normal  procedure  is  to  start  the 
local  oscillator  tuning  from  one 
limit  of  the  frequency  band,  and  to 
allow  it  to  sweep  the  band.  As  its 
frequency  changes,  it  will  pass  a 
position  where  Eq.  1  will  be  satis¬ 
fied;  here  the  servomotor  will  stop. 
If  for  any  reason  the  frequency  of 
the  local  oscillator  changes,  the 
motor  again  will  drive  to  retune  the 
local  oscillator. 

In  order  to  save  wear  and  tear 
on  the  motor,  it  has  been  found 
advantageous  to  control  frequency 
only  coarsely  by  the  motor  tuning, 
and  to  obtain  fine  frequency  control 
by  means  of  a  reactance  tube  oper¬ 
ated  by  the  output  from  the  dis¬ 
criminator.  Whenever  the  range  of 
control  of  the  reactance  tube  is  ex¬ 
ceeded  by  slow  frequency  drifts,  the 
motor  restores  mechanical  tuningr 
to  the  center  of  the  range  of  control 
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of  the  reaiictance  tube.  The  reactance 
tube  also  eliminates  frequency- 
modulation  of  the  local  oscillator 
due  to  vibration  or  to  other  causes, 
because,  being  completely  electrical, 
it  can  act  fast  enough  to  eliminate 
such  modulation. 

N«mb«r  of  Freqacaelet 

The  number  of  frequencies  which 
can  be  selected  for  control  is  equal 
to  the  number  of  combinations  of 
harmonics,  crystals,  and  discrim¬ 
inators  which  can  be  obtained.  But 
for  any  combination  there  is  one, 
and  only  one,  stable  local  oscillator 
frequency.  If  H  is  the  number  of 
harmonics  used,  X  is  the  number  of 
crystals,  D  is  the  number  of  dis¬ 
criminators  and  N  is  the  number  of 
control  frequencies  or  channels, 
then 

N  •-2HXD  (2) 

The  factor  of  2  is  obtained  because 
of  the  ±  sign  in  Eq.  1.  In  effect,  two 
control  frequencies  are  obtained 
from  each  discriminator,  because 
either  algebraic  sign  may,  by  choice 
of  servomotor  sense,  describe  a 
stable  control  frequency. 

With  this  system  of  control,  the 
most  convenient  design  results  if 
adjacent  channels  are  obtained  by 
means  of  adjacent  discriminators, 
while  using  the  same  harmonic  and 
crystal.  If  x  is  the  channel  spacing, 
then  X  is  also  the  discriminator 
frequency  spacing  designated  as 
^f^.  If  there  are  D  discriminators, 
then  the  spacing  between  crystals 
A/,  is 

A/,  -  DA/i  -  Dx  (3) 

After  using  all  discriminators  once, 
the  next  higher  crystal  frequency 
is  selected,  and  the  discriminators 
are  used  again.  This  selection  is 
repeated  until  the  highest  fre¬ 
quency  crystal  has  been  used, 
whereupon  discriminator  polarity 
is  reversed.  The  lowest  frequency 
crystal  then  is  re-employed  with  all 
of  the  discriminators,  but  this  time 
the  discriminators  are  used  in  the 
reverse  order  with  respect  to  fre¬ 
quency.  The  same  thing  is  done  with 
the  remaining  crystals.  If,  then, 
there  are  X  crystals,  the  spacing 
between  harmonics 
A/*  -  2XU  =■  2XDAfa  =  2XDx  (4) 
The  spacing  between  harmonics  is, 
of  course,  the  frequency  of  the  first 
crystal  oscillator  in  Fig.  1. 


Choice  of  discriminator  frequen-  Equation  10  means  that  discrim- 
;ies  is  not  arbitrary,  but  is  deter-  inator  frequencies  are  chosen 
nined  uniquely  once  the  number  of  uniquely.once  channel  spacing,  num- 
irystals,  the  number  of  discrimina-  ber  of  discriminators,  and  number 
tors,  and  the  channel  spacing  is  of  reference  crystals  are  chosen. 
:hosen.  This  situation  can  be  ex-  Choice  of  harmonic  and  crystal 
plained  by  Eq.  1  when  it  is  realized  frequencies  is  determined,  to  some 
that  the  frequency  described  by  the  extent,  by  the  local  oscillator.  The 
nth  harmonic,  the  highest  fre-  lowest  oscillator  frequency  should 
quency  crystal,  and  the  lowest  fre-  be  above  the  highest  crystal  fre¬ 
quency  discriminator  (polarity  neg-  quency.  The*  lowest  crystal  fre- 
ative)  must  be  adjacent  to  the  quency  should  be  above  the  pass- 
frequency  described  by  the  nth  har-  band  of  the  first  amplifier  of  Pig.  1, 
monic,  the  lowest  frequency  crystal,  and  the  highest  harmonic  frequency 
and  the  lowest  frequency  discrimi-  should  be  below  its  pass-band.  This 
nator  (polarity  positive).  If  these  arrangement  of  frequencies  elimi- 
frequencies  are  /,  and  f„  respec-  nates  the  i)0S8ibility  of  spurious 
tively  then,  from  Eq.  1  conversion  products  in  the  fre- 

/i  -  nA/* (5)  quency  monitoring  circuits.  With 
and  '  the  arrangement  shown  a  2-to-l  fre- 

A  -  nA/*+/.»u+/d»u  (6)  quency  coverage  ratio  is  the  max- 

Furthermore  =z  x  because  imum  possible.  However,  several 

these  frequencies  are  adjacent,  other  arrangements  are  possible,  by 
Then,  subtracting  Eq.  5  from  Eq.  6  means  of  which  the  coverage  can  be 
-  X  -  +  2U  extended  to  4-to-l  or  8-to-l. 

(7)  The  usual  choice  of  the  number 
or  of  harmonics,  crystals,  and  discrim- 

xA.f  —{  ■  inators  is  that  which  leads  to  the 

f  ^  j  ~r  JM  mia  rgv 

9  smallest  total  number  of  elements, 

and  is  accomplished  if  they  are  all 
equal  in  number.  If  this  number  is 
n,  then,  from  Eq.  2 
n-(JNr/2)n  (11) 

Equation  11  is  not  a  necessary  con¬ 
dition,  and  may  be  departed  from 
if,  by  such  departure,  other  and 
more  desirable  benefits  can  be  ob¬ 
tained;  for  example,  direct  channel 
frequency  reading  from  a  simple 
control  box. 

FreqM*Rey  Stability 

To  estimate  frequency  stability 
factors  it  is  necessary  to  inquire 


but 

/.«x-/.„i.-(X-l)A/.  (9) 

That  is  to  say,  the  difference  be¬ 
tween  the  maximum  and  minimum 
crystal  frequencies  is  equal  to  the 
frequency  spacing  between  crystals, 
times  the  number  of  spaces  (the 
number  of  crystals  less  one).  But 
from  Eq.  3,  A/,  =  Dx,  therefore  Eq. 
9  becomes 

-  x-f  (X-  l)Z)x 
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FIG.  4 — Discriminator  is  constructed  of  compensating  materials  to  insure  stability 
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FIG.  3 — Frequency  stabilization  is  obtained  by  beating  variable  oscillator  against 
crystal  oscillator;  compare  with  Fig.  2 
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Basic  flip-flop  and  scale-of-two  circuits  are  reviewed,  and  extension  of  techniques  to  the 
design  of  ring  and  chain  counters  of  higher  scale  is  given.  Cathode-pulsed  n-scale  circuit 
described  requires  no  complex  indicating  schemes,  eliminates  counting  errors  and  operates 

at  speeds  as  high  as  180,000  pulses  per  second 
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FIG.  1 — ^FUp-ik>p  circuit  (A)  is  trippsd  by  a  nsqotiTs 
puls*  at  input  A  and  is  rssst  by  nsqotiTS  puls*  at 
input  B.  Basic  scal*-of-two  circuit  (B)  bos  two  oporatinq 
■tatos.  altsmoting  from  ono  to  tho  othor  os  succosbIto 
noqatiTO  pulsos  aro  iod  to  input 


FIG.  2 — Flip-flop  (A)  and  scalo-of-two  (B)  drcidts  usod  in  ENIAC.  Noqa- 
tiTO  pulsos  aro  usod  to  trip  tho  flip-flop  circriit;  positiTO  pulsos  trigqor 
triodos  which  dolioor  noqatiTO  pulsos  to  plotos  of  scalo-of-two  countor. 
This  oxampio  illustrotos  tho  foct  that  triqgor  pulsos  of  suitablo  shops 
can  bo  appliod  to  points  othor  than  tho  grids 


Electronic  counters  have 
been  known  for  a  number  of 
years  and  have  found  extensive  use 
in  physics  laboratories.  In  these 
applications,  their  major  function 
has  been  to  scale  down  rapidly  oc¬ 
curring  pulses  to  a  frequency  suit¬ 
able  for  the  operation  of  mechanical 
counters.  The  fact  that  such  scal¬ 
ing  circuits  have  been  used  mainly 
for  the  study  of  radiation  phenom¬ 
ena  has  meant  that,  in  the  past, 
electronic  counters  were  regarded 
solely  as  laboratory  equipment.  In 
recent  years,  however,  the  applica¬ 
tion  of  these  counters  to  many  other 
problems  has  resulted  in  the  pro¬ 
duction  of  several  of  them  for  the 
general  market  by  a  number  of 
manufacturers. 

The  first  publication  of  a  counter 
circuit  intended  for  commercial 
production  was  made  in  1944  by 
Potter.*  In  1939,  Perry  Crawford, 

•  Developments  reported  were  made  while 
the  author  was  Technical  Director  of  the 
Digital  Computing  Program  at  Moore 
School  of  Electrical  Engineering,  Uni¬ 
versity  of  Pennsylvania. 
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that  will  override  the  externally  ap¬ 
plied  signal.  This  problem  can  be 
called  the  pulse-dodging  problem. 
It  is  apparent  that  the  shape  and 
magnitude  of  the  tripping  pulse  in 
a  counter  are  of  utmost  importance, 
although  in  flip-flop  applications 
such  is  not  the  case. 

Figure  2  shows  the  flip-flop  and 
scale-of-two  counter  circuits  actu¬ 
ally  used  in  ENIAC.  Note  that  the 
flip  flop  is  designed  to  operate  with 
negative  pulses  applied  to  inputs 
A  and  B  while  the  counter  operates 
with  positive  .pulses  on  its  single 
input.  Moreover,  the  counter  cir¬ 
cuit  shows  that  tripping  pulses 
need  not  be  applied  to  the  grids 
but  can  be  applied  to  any  suitable 
point.  Application  of  pulses  to  the 
plates  of  the  trigger  circuit,  in  the 
case  of  the  counter,  helped  consid¬ 
erably  in  solving  the  pulse-dodg¬ 
ing  problem  mentioned  above.  A 
number  of  practical  circuits  for 
both  flip-flop  and  scale-of-two 
counter  applications  have  been 
devised.* 

Once  a  counter  having  a  scale  of 
two  has  been  designed,  the  exten¬ 
sion  of  the  scale  to  higher  numbers 


immediately  suggests  itself.  Scale- 
of-«  counters  can  be  made  by  merely 
cascading  stages  of  scale-of-two 
counters,  as  done  by  Wynn-Wil- 
liams.*  With  this  arrangement, 
n  can  only  be  a  power  of  two 
unless  special  tricks  are  re¬ 
sorted  to  as  in  the  Potter  counter.* 
As  a  result,  the  conducting  triode 
combinations  are  not  linear,  so  that 
it  is  difficult  to  display  the  numer¬ 
ical  counts  simply. 

Lewis*  designed  a  circuit  of  one 
tube  per  stage  which  behaves  essen¬ 
tially  like  the  basic  Eccles-Jordan 
circuit,  in  that  one  conducting  tube 
is  sufflcient  to  keep  the  others  cut 
off.  A  five-tube  example  of  this 
circuit  is  shown  in  Fig.  8. 

The  plate  of  each  tube  is  con¬ 
nected  to  the  grid 'of  every  other 
tube,  giving  the  circuit  stable  states 
in  which  n — 1  tubes  are  turned  off 
and  one  on.  Proper  progression  of 
carryover  in  the  counter  is  achieved 
by  use  of  capacitance  coupling  be¬ 
tween  any  one  stage  and  the  next, 
in  parallel  with  the  direct  resistance 
coupling  which  is  used  to  hold  the 
circuit  in  its  particular  state.  Since 
the  last  tube  is  connected  to  the  first 


FIG.  3 — ^L«wis  ring  couator.  SuccmsIt*  puImi  f»d  to  puUo  bar  stop  the 

counter  through  iiTe  etatee;  on  aixth  pulse  the. counter  recrcles 


in  this  same  manner,  the  circuit  is 
called  a  ring  counter. 

The  major  objection  to  counters 
of  this  aort  is  that  each  plate  and 
each  grid  is  loaded  by  n — 1  resist¬ 
ors.  Thus,  as  the  number  of  stages 
increases,  the  device  becomes  quite 
complex.  Morever,  this  loading 
of  each  stage  results  in  a  reduction 
of  gain  around  the  loop  formed  by 
the  n  stages.  Since  this  gain  must 
be  greater  *  than  unity  for  the 
counter  to  step,  it  can  be  seen  that 
counters  of  this  type  are  limited  in 
the  number  of  stages  that  may  be 
used.  With  presently  available 
vacuum  tubes,  five  stages  are  about 
all  that  seem  practicable. 

Counter  circuits  of  this  type  can 
also  be  built  with  n — 1  tubes  con- 
ductihg  and  1  tube  cut  off.  Although 
this  arrangement  .provides  more 
current  for  cutting  off  the  one  tube, 
it  has  the  disadvantage  that  the  cir¬ 
cuit  may  run  away,  for  there  may 
exist  one  moment  when  all  tubes  are 
on  and  the  phase  shift  around  the 
loop  may  be  some  multiple  of  360 
degrees  at  a  particular  frequency  so 
that  oscillation  can  occur. 

Lewis  combined  a  scale-of-two 
with  a  scale-of-five  counter  of  the 
type  described  above,  to  produce  a 
scale-of-ten  counter.  Such  arrange¬ 
ments  have  the  disadvantage  that 
the  operating  state  of  the  circuit  at 
any  moment  is  not  directly  indi¬ 
cated  but  can  be  known  only  by 
reference  to  its  binary  and  quinary 
parts. 


n-Scale  Counters 


In  ENIAC,  n-stage  counters  are 
formed  using  two  triodes  per  stage 
in  standard  trigger  circuits.  Such 
counters  are  found  in  scales  of  six, 
nine,  ten,  fourteen,  and  twenty. 

Figure  4  shows  this  type  of  cir¬ 
cuit  generalized  for  n  stages.  Con¬ 
sider  the  circuit  to  be  operating 
with  the  shaded  tube  sections  con¬ 
ducting  as  shown.  The  counter  is 
now  in  its  first  stable  state  with  a 
positive  potential  at  the  lefthand 
plate  of  the  initial  or  0th  stage. 
This  condition  is  indicated  by  the 
lighting  of  the  0th  neon  glow  lamp. 
No  other  lamp  is  lit  since  the  cur¬ 
rents  drawn  through  the  conduct¬ 
ing  lefthand  tubes  are  sufficient  to 
drop  the  plate  potentials  below  the 
ignition  point  of  the  glow  lamps. 
The  application  of  a  negative  pulse 
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to  the  lefthand  cathode  of  the  0th 
stage  turns  that  triode  on  and  the 
trigger  action  of  the  stage  cuts  off 
the  righthand  triode  producing  a 
positive  signal  at  its  plate.  This 
signal,  transferred  through  Ct, 
turns  on  the  righthand  section  of 
stage  1,  thus  triggering  this  stage 
into  the  condition  that  previously 
existed  in  stage  0.  Successive  pulses 
applied  to  the  pulse  line  produce 
similar  stepping  from  stage  to  stage 
!  down  the  line.  If,  as  shown  in  the 
I  diagram,  the  last  stage  is  connected 
i  back  to  repeat  the  cycle,  a  ring 
counter  results. 

As  in  all  previously  mentioned 
I  counters,  the  pulse-dodging  prob- 
I  lem  is  present,  for  the  negative 
I  pulse  on  the  cathode  which  turns  on 
||  the  lefthand  side  of  an  abnormal 

! I  stage  also  tends  to  keep  on  the 
lefthand  side  of  the  subsequent 
stage  which  it  is  desired  to  change. 
That  this  does  not  occur  is  due  to 
the  fact  that  the  crossover  signal 
through  Ct  is  of  such  amplitude 
and  duration  as  to  override  the 
I  effect  of  the  negative  input  pulse. 
I  For  this  overriding  action  to  take 
|j  place,  it  is  necessary  that  the  ap- 
t  plied  pulse  shape  be  maintained 
^  and  its  amplitude  controlled  with- 
;  in  quite  close  limits.  This  pulse 
shape  and  amplitude  control  is 
achieved  by  incorporating  as  part 
i  of  each  counter  the  pulse  standard- 
I  izing  circuit  of  Fig.  5. 

I  The  fact  that  each  tube  in  a 
counter  is  operated  as  a  binary  de¬ 
vice,  thus  having  only  two  states: 
conducting  and  nonconducting,  is 
used  to  advantage.  Though  the  ap¬ 
plied  pulse,  circuit  parameters,  or 
;  bias  voltages  may  vary  considerably 
!  in  amplitude,  so  long  as  the  grid 
is  driven  to  cutoff  on  the  one  hand 
and  to  zero  or  a  slightly  positive 
value  on  the  other,  the  plate  current 
I  has  only  two  values.  This  principle 
is  of  basic  importance  in  counter 
design,  since  reliability  of  opera¬ 
tion  is  achieved  by  minimizing  the 
effect  of  changing  circuit  parame¬ 
ters. 


[PUlSf 


FIG.  4 — N-stag*  counter  diiieie  from  coacaded  binary  eystems  in  that  cathodes  of 
trigger  circaits  are  interconnected  with  pulse  input  causing  successiTe  stages  to 
trip  in  linear  seguence* 


of  connections  and  so  that  not  too 
many  of  these  go  to  any  one  ele¬ 
ment  of  the  tube,  such  as  the  grid. 
There  must  be  in  the  decade 
counter,  for  example,  internal  coup¬ 
ling,  connections  between  stages, 
connections  to  the  pulse  bar,  con¬ 
nections  to  the  neon  indicating 
lamps,  static  output  connections, 
and  reset  connections  for  clearing 
the  counter.  One  disadvantage  in 
grid  pulsing  lies  in  the  fact  that  the 
grids  are  already  used  for  the  in¬ 
ternal  connections  so  that  using 
them  also  for  the  pulse  bar  connec¬ 
tions  loads  them  too  heavily. 

A  counter  circuit  may  be  so  ar¬ 
ranged  that  it  can  operate  in  modes 
other  than  the  one  desired.  Thus, 
if  a  stable  state  of  a  decade  counter 
consists  of  9  tubes  off  and  1  tube 
on,  it  may  be  that  the  counter  can 
also  operate  with  2  tubes  on  and  8 
tubes  off.  If  a  counter  is  expected 
to  operate  in  the  first  mode,  but 
happens  to  get  started  operating 
in  the  second  mode,  then  though 
the  circuit  will  count,  the  output 
voltages  will  be  incorrect  and  the 
counter  useless.  The  counter  of  Fig. 
4  is  capable  of  only  one  mode  of 
operation  because  of  the  relation 
between  and  R,. 

In  computing  machine  applica¬ 
tions,  a  counter  must  be  completely 
reliable,  that  is,  it  cannot  be  per¬ 
mitted  to  lose  a  single  pulse.  Some 
A  counter  circuit  should  be  so  300  counters  of  the  type  shown  in 
designed  that  coupling  between  Fig.  4  have  been  used  in  EN I  AC  for 
stages  is  effected  without  the  use  the  past  year  and  have  met  this  cri- 
of  extra  tubes  or  buffers.  Further-  terion  of  reliability.  Production 
^ore,  it  is  desirable  to  arrange  the  models  operate  at  a  maximum  count 
circuit  so  that  there  is  a  minimum  rate  of  180,000  pulses  per  second  or 


FIG.  5 — PulM-fonning  circuit  for  cothodo- 
pulsod  counter  of  Fig.  4.  This  circuit  con¬ 
trols  shops  of  input  pulsss  to  insure  correct 
pulse-dodging  octlon 

better  and  count  at  100,000  pulses 
per  second  with  applied  voltage 
ranging  from  90  to  500  volts.  They 
are  quite  insensitive  to  variations 
in  circuit  parameters  and  particu¬ 
larly  to  changes  in  tube  character¬ 
istics.  Indeed,  tubes  of  twice  the 
plate  resistance  of  6SN7’s  have 
been  inserted  with  the  result  that 
the  counters  operated  at  about  140,- 
000  pulses  per  second.  Since  they 
are  designed  to  operate  at  100,000 
pulses  per  second,  their  use  was  not 
impaired.  Present  electronic  com¬ 
puting  machine  research  has  pro¬ 
duced  a  number  of  counting  circuits 
that  are  reliable  at  rates  up  to  2 
or  3  million  pulses  per  second. 
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Fr«qu«iicy<chaag*r  power  circuits  includo  porollol-iiiTortor  typo.  loft,  and  cycloconTortor,  oxtremo  right.  Frequency  and  phase  con¬ 
trol  units  <xre  in  the  center.  Connections  between  control  circuits  synchronise  the  two  systenu  to  permit  parallel  operation 

THYRATRON 
Frequency  Changers 


Designed  to  permit  parallel  operation  of  three-phase  aircraft  alternators  driven  at  unequal 
and  varying  speeds,  the  converter  and  control  circuits  described  here  produce  three-phase 
power  having  constant  frequency  and  regulated  voltage.  Characteristics  of  two  types  of 

power  units  are  compared 


By  0.  E.  BOWLUS  and  P.  T.  NIMS 

Chrysler  Coryorution 
Detroit,  Michigan 


ONE  OF  THE  interesting  prob¬ 
lems  in  connection  with  mod¬ 
ern  large  aircraft  is  the  provision 
of  adequate  electrical  power.  The 
number  and  size  of  electrical  loads 
increases  yearly  as  new  models  of 
gun  turrets,  radar,  automatic  con¬ 
trols,  and  radios  are  installed.  The 
present  systems  use  24  volts  d-c, 
but  for  weight  saving  with  these 
increased  loads,  there  is  consider¬ 
able  interest  in  120-volt  3-phase  a-c 
systems. 

A  major  obstacle  to  a-c  operation 
of  the  heavier  motor  loads  is  the 


difficulty  of  obtaining  large  blocks 
of  power  economically.  For  fuel 
economy,  it  is  desirable  that  air¬ 
craft  generators  be  driven  by  the 
main  engines,  and  for  reliability  the 
power  should  be  available  from  any 
or  all  of  the  engines  of  a  multi¬ 
engined  aircraft.  This  implies  that 
the  outputs  of  several  main  gener¬ 
ators  be  paralleled  at  the  load  bus. 
Paralleling  is  difficult,  as  even  with 
the  airplane’s  engines  synchronized 
well  enough  to  reduce  vibration  the 
generators  are  still  a  long  way  from 
the  exact  synchronism  demanded. 


As  the  generator  horsepower  is  only 
a  small  part  of  the  total  engine  out¬ 
put,  the  synchronizing  torques  of 
the  generators  are  inadequate  to 
hold  the  system  together.  In  addi¬ 
tion,  the  engine  speed  for  most  effi¬ 
cient  operation  varies  with  flight 
conditions  and  would  seldom  be 
that  required  to  give  the  desired 
400-cycle  output  from  the  gener¬ 
ator. 

This  situation  calls  for  some 
method  of  obtaining  synchroniza¬ 
tion  and  correct  frequency  in  the 
electrical  system.  Mechanical  or 
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hydraulic  methods  might  be  used  to 
give  a  constant-speed  drive  for  the 
alternators,  or  the  alternators  could 
be  directly  connected  to  the  aircraft 
engines  and  the  necessary  fre¬ 
quency  change  obtained  electroni¬ 
cally.  The  latter  method  was  chosen 
as  the  basis  for  some  experimental 
work  which  Chrysler  Corporation 
Engineering  Division  was  asked  to 
do  on  4-kva  units  for  the  parallel 
operation  of  aircraft  type  alternat¬ 
ors.  Two  units  were  built  and  suc¬ 
cessfully  operated  in  parallel  at  400 
cycles  with  input  frequencies  vary¬ 
ing  from  300  to  900  cycles*.  The 
photograph  shows  the  two  units  set 
up  for  bench  test.  The  electronic 
frequency  changer  used  consisted 
of  a  power  circuit  using  eighteen 
grid-controlled  gas-filled  rectifiers 
and  a  frequency-control  circuit  with 
fourteen  assorted  receiving  type 
tubes.  The  control  circuit  provided 
three-phase,  400-cps,  square  waves. 

Two  power  circuits  were  tested, 
one  of  the  parallel-inverter  type*, 
the  other  of  the  cycloconverter 
type*  and  certain  differences  in 
their  operation  noted.  For  three- 
phase  operation,  the  cycloconverter 
offered  advantages  in  weight,  effi¬ 
ciency,  and  power  factor  of  the 
generator.  If  only  single-phase  400- 
cps  power  is  needed  the  parallel  in¬ 
verter  has  possibilities. 
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FIG.  1 — In  tliB  cycloconTBrior,  Boch  phos*  ol  th*  st«p>ap  troasiomMr  sBcondory 
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q^clos  by  auxiliary  control  circuit  thot  dotonninos  tbyratron  firing  asquonco 
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Cycloconvsrtsr  Power  Circuit 

The  complete  power  circuit  of  the 
4-kva  test  unit  is  shown  in  Fig.  1. 
The  alternator  available  was  rated 
at  30  volts  output,  so  that  a  delta- 
wye  connected  step-up  transformer 
was  used  to  supply  approximately 
200  volts  to  the  tubes.  The  current 
from  one  phase  of  this  transformer 
passes  through  a  load-division  cur¬ 
rent  transformer,  one  of  the  six 
tubes  connected  to  it,  half  of  a 
reactor,  a  series  capacitor,  and  one 
phase  of  the  load.  As  the  neutrals 
are  not  interconnected,  the  current 


5,000 


5,000 


ALL  tubes 
type  FG-67 


3  PHASE  400-CPS  OUTPUT 
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singlo-phoso  units  with  phaso  soquonco  dotonninod  by  circuit  ol  Fig.  4.  Loosos 
in  translonnors  and  chokos  mako  this  circuit  loss  oiliciont  than  cycloconTortor 
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by  a  single-tube  inverter  circuit. 
Referring  to  Fig.  4,  capacitor  Ci  is 
rapidly  charged  through  tube 
to  somewhat  above  line  voltage  by 
virtue  of  the  inductance  of  the 
primary  of  transformer  T,.  Since 
the  cathode  at  this  instant  is  posi¬ 
tive  with  respect  to  plate  and  the 
grid  is  held  negative  with  respect 
to  cathode,  the  tube  is  extinguished. 
Capacitor  Ci  then  discharges 
through  resistors  R„  until  the 
combination  of  plate-to-cathode  and 
grid-to-cathode  voltages  are  such 
as  to  fire  the  tube.  Capacitor  C,  is 


again  rapidly  charged.  The  cathode 
voltage  has  a  sawtooth  waveshape 
with  sharp  rise  and  slow  decay. 

The  sawtooth  voltage  is  fed 
through  capacitors  C„  C„  .C4  at  the 
grids  of  tubes  V,,  V„  V*  in  the 
three-tube  switching  circuit.  These 
tubes  are  biased  in  such  a  manner 
that  at  any  instant  two  are  conduct¬ 
ing  while  the  third  is  cut  off.  Each 
pulse  of  the  sawtooth  voltage  causes 
the  tube  which  is  cut  off  to  conduct 
and  causes  one  of  the  other  two 
tubes  to  cease  conducting.  The  cut¬ 
off  condition  passes  from  one’  tube 


to  the  next  in  definite  sequence. 

In  Fig.  4,  assume  tube  V.  to  be 
nonconducting  and  tubes  Vt  and  V* 
to  be  conducting.  The  plate  of  tube 
Vt  is  near  supply  potential  and,  by 
means  of  the  voltage  dividing  re¬ 
sistors  Ri  and  Rt,  tends  to  hold  the 
grid  of  tube  V.  at  or  above  cathode 
potential.  Also,  by  means  of  resist¬ 
ors  Ru  and  R„  the  plate  of  tube  Vt 
tends  to  hold  the  grid  of  tube  V* 
at  or  above  cathode  potential.  Tubes 
Vt  and  Vt  are  held  conducting. 
When  conducting,  the  plate  poten¬ 
tial  -of  tubes  Vt  and  F*  is  approxi- 
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4 — In  the  control  circuit,  a  2,400^cle  reloxation  oscillator  drlTos  o  ring-oi-throo  countor  that  dovelopt  thro*  803-C7< 
wore  output  voltages  having  120-degree  phase  relationship.  Each  of  these  voltages  drives  a  ilip-ilop  circuit  coupled  to  th( 


returns  through  another  load  phase, 
a  series  capacitor,  half  of  its  re¬ 
actor,  one  of  the  three  tubes  con¬ 
nected  to  the  end  of  the  reactor, 
and  the  phase  winding  of  the  trans¬ 
former. 

Operation  of  the  tubes  is  con¬ 
trolled  by  the  square-wave  voltage 
applied  to  the  grids  by  the  control 
circuit  and  by  the  input  voltage  ap¬ 
plied  to  the  plates  and  cathodes  as 
shown.  Consider  group  A  and 
group  B  for  example,  which  to¬ 
gether  supply  pne  phase  of  the  load. 
The  tubes  of  group  A  have  their 
cathodes  tied  together  and  their 
grid  bias  supplied  from  a  common 
point  in  the  control  circuit.  If  the 
grid  voltage  is  positive,  then  the 
tube  having  the  most  positive  plate 
potential  will  conduct  and  raise  the 
common  cathode  potential  high 
enough  to  cut  off  the  other  tubes. 
As  the  input  voltage  varies  through 
its  cycle,  another  tube  anode  in 
group  A  becomes  more  positive  and 
it  conducts,  cutting  oflf  the  previ¬ 
ously  conducting  tube. 

When  a  half  cycle  of  the  400-cycle 
output  frequency  is  completed,  the 
grids  of  group  B  are  made  positive 
relative  to  their  cathodes.  Since 
the  group  B  anodes  are  connected 
together,  the  tube  with  its  cathode 
connected  to  the  most  negative  in¬ 
put  line  conducts  and  also  prevents 
conduction  in  the  other  two  tubes. 

Commutation 

Commutation  between  groups, 
that  is,  extinguishing  a  tube  of 
group  A  when  a  tube  of  group  B 
fires,  is  produced  by  reactor  X  in 
the  following  manner.  When  a 
tube  in  group  A  is  conducting,  the 
cathode  end  of  reactor  X  is  positive 
relative  to  the  center  tap.  How¬ 
ever,  when  a  tube  of  group  B  fires, 
it  instantly  makes  the  anode  end  of 
the  reactor  positive  relative  to  the 
center  tap,  and  the  cathode  end  is 
made  temporarily  negative  due  to 
the  autotransformer  connection  of 
the  reactor.  The  duration  of  the 
negative  swing  is  dependent  upon 
the  size  of  the  series  and  shunt 
capacitors  in  the  output  circuit. 
The  negative  swing  must  last  long 
enough  to  permit  the  tubes  to  deio¬ 
nize.  This  deionization  appears  to 
be  hastened  by  the  negative  grid 
voltage  applied  during  the  off  cycle 
for  group  A*'  *. 
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FIG.  3 — ^Parfonnemc*  cuttm  for  cyclo- 
coDTortar  powor  drcnit 


It  is  interesting  to  note  that  for 
the  special  case  when  the  input  fre¬ 
quency  exactly  equals  the  output 
frequency,  six  of  the  eighteen 
power  tubes  will  be  completely  in¬ 
operative.  If  sustained  operation 
is  possible  under  this  condition, 
then  either  the  tubes  should  be 
chosen  with  ample  capacity  or  some 
provision  made  to  shift  the  output 
frequency  slightly  to  prevent  sus¬ 
tained  operation. 

ParolUI  Invertar 

When  operated  as  a  frequency 
changer,  the  parallel  inverter  is 
basically  a  device  using  3-phase  in¬ 
put  at  one  frequency  to  give  single¬ 
phase  output  at  another  frequency. 
The  anodes  of  six  tubes  are  con¬ 
nected  in  pairs  to  the  source,  and 
the  cathodes  in  two  groups  of  three 
to  the  output  transformer.  Figure 
2  shows  how  three  such  units  are 
connected  to  give  3-phase  output 
and  shows  also  the  neutral  re¬ 
turn  for  the  supply  lines.  Tests  on 
this  circuit  showed  satisfactory 
operation  but  larger  BR  losses  in 
the  various  transformers  and 
chokes.  The  circuit  also  required 


an  output  transformer  as  well  as 
the  series  reactor. 

The  overall  efficiency,  input 
voltage  variation  and  power  input 
of  the  cycloconverter  are  shown  in 
Fig.  3. 

Parallel  Operation 

The  two  types  of  frequency 
changers  operate  well  in  parallel, 
with^  load  division  on  the  alter¬ 
nators  controlled  by  the  voltage 
regulators  as  in  a  d-c  system. 
Heavy  resistive  loads,  even  to 
the  point  of  short  circuiting  the 
output  terminals,  were  carried  with 
ease.  Inductive  loads  require  cor¬ 
rection  to  nearly  unity  power  factor 
for  satisfactory  operation,  because 
of  effects  on  both  wave  form  and 
commutation.  One-quarter  hp  mo¬ 
tors  start  and  opera'te  normally.  A 
3-hp  motor  will  start  and  operate 
normally,  provided  there  is  ample 
resistive  load  on  the  bus  to  stabilize 
the  system. 

Control  Circuit 

The  control  circuit,  as  mentioned, 
supplies  a  3-phase  400-cycle  square 
wave  for  the  power  tubes.  It  is 
these  control  circuits  which  are 
ssmchronized  for  parallel  operation 
of  two  frequency-changer  units  as 
shown  in  Fig.  4.  The  basic  fre¬ 
quency  is  determined  by  an  884  gas 
triode  which  discharges  2,400  times 
per  second.  These  pulses  are  fed 
to  the  grids  of  three  6J5  triodes 
connected  in  a  ring-of-three  counter 
circuit*.  Each  6J6  goes  through 
an  on-off -on  cycle  800  times  per 
second,  and  each  tube  operates 
1/2,400  of  a  second  after  its  pre¬ 
decessor  in  the  ring.  This  gives 
3-phase  voltages  at  800  cycles. 

The  final  stage  of  the  control  cir¬ 
cuit  comprises  three  pairs  of 
6V6GT  pentodes  connected  in  a 
modified  Eccles-Jordan  circuit.  The 
cathode,  grid,  and  screen  of  each 
tube  are  in  the  flip-flop  circuit  and 
the  anode  is  connected  to  the  trans¬ 
former  which  forms  the  output  con¬ 
nection  of  one  phase  of  the  control. 
The  tubes  in  each  pair  conduct  al¬ 
ternately  and  thus  produce  in  the 
transformer  a  400-cps  square  wave 
of  voltage.  The  vacuum  tubes  used 
in  these  counting  circuits  operated 
with  much  more  stability  than  the 
gas  triodes  first  used. 

Output  frequency  is  determined 
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MOLDED  MINIATURE  SOCKET 
No.  S3C12136— 7/1'  Moontinf  Cowtor 


1 1  r ' 


cwrnufe- 


CINCH  MOLDED  SOCKETS 

ARE  STANDARD 


XT1 


L-  CASTING* 

■  SAOCM-t.  PAS 


NOVAL  SOCKET 

No.  53F12617-Saddlo  Typo-Mico 
FWod  MoMod  witli  .093  mtg.  holo 
M/8'  Mountbif  Cootor 


OCTAL  MOLDED  SOCKET 
No.  9905-1-5/19'  Mtf.  Contor 
1-1/2'  M.  a  AvoHoMo 


15  ! 


LOKTAL  MOLDED  SOCKET 
No.  6972-1-5/16'  Mlg.  Contor 


\ 

■- 

^^9 

The  Miniature,  Noval,  Octal  and  Loktal  Sockets 
are  molded  from  high  dielectric  black  bakelite,  and 
are  available  in  Mica  and  Steatite . .  .With  com¬ 
ponent  parts  of  the  best  materials  available;  sturdy 
steel  mounting  saddle  and  Cinch  solder  coated 
contacts  for  easy  soldering,  these  molded  sockets 
are  dependable  and  durable  under  the  most 
exacting  requirements.  Users  have  made  them 
Standard.  Write  for  samples  and  further  details. 

AVAIUBLE  AT  LEADING  ELECTRONK  JOBBERS -eytrywA^rf 


MANUFACTURING  CORPORATION 


2335  WEST  VAN  BUREN  STREET  •  CHICAGO  12,  ILLINOIS 

Sub$Uhry  of  UNITED-CARR  FASTMER  CORPORATION,  Combridg*  42,  Mott. 


Synchronixation 

The  secondary  of  transformer  7i 
in  the  plate  circuit  of  tube  Vi  trans¬ 
mits  a  transient  pulse  through  con¬ 
nector  pins  B  and  C  to  connector 
pins  D  and  E  in  control  circuit  2. 
This  pulse  is  further  transmitted  to 
the  control  grid  of  tube  Vi  in  con¬ 
trol  circuit  2,  in  such  a  manner  to 
fire  the  tube,  unless,  of  course,  it  is 
already  conducting.  Likewise,  the 
secondary  of  transformer  7,  in  the 
plate  circuit  of  tube  Vi  in  control 
circuit  2  transmits  a  transient 
pulse  to  the  control  grid  of  tube  V, 
in  control  circuit  1.  Whichever 
tube  fires  first  fires  the  other.  The 
tube  with 'the  shortest  period  will 
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Filter  Ripple  Chart 

Where  choke  input  is  used,  output  characteristics  are  readily  predetermined. 
Curves  are  given  for  50  and  60-cycle,  half-wave  and  full-wavf,  and  single 
and  three-phase  rectifiers.  A  rectifier  attenuation  table  is  included 


WHEN  USING  choke-input  fil¬ 
ters,  the  output  ripple  of 
rectifier-type  power  supplies  can 
be  predetermined  from  the  ac¬ 
companying  chart. 


- By  C.  K.  HOOPER - 

Pov>er  Equipment  Engineer 
Induttrial  Electronics  Division 
Weatinghouse  Electric  Corp. 

Baltimore,  Md. 

It  .is  necessary  'to  know  the 
inductance  value,  in  henrys,  and 
the  capacitance,  in  microfarads, 
for  each  filter  section.  Knowing 
the  product  of  these  two  terms. 


the  amount  of  attenuation  in  db 
for  each  filter  section  can  be 
read  directly  on  the  chart. 
Curves  are  given  for  50-cycle 
(dashed  lines)  and  60-cycle 
(solid  lines)  power,  for  the  four 
types  of  supplies  most  often  used 
in  industrial  equipment. 

To  obtain  the  total  output  rip¬ 
ple  in  db  below  the  d-c  level,  the 
equivalent  rectifier  attenuation 
must  be  added  to  that  of  the  filter 
sections.  .  ' 

Practical  Example 

The  following  example  will 
illustrate  the  use  of  the  chart. 
Assume  that  a  single-phase  full- 
wave  rectifier  operating  from  a 
60-cycle  supply  has  a  two-stage 
choke-input  filter.  One  of  the 
filters  consists  of  a  2-henry  choke 
and  15-mf  capacitor.  The  other 
filter  consists  of  a  2-henry  choke 
and  20-fd  capacitor. 

For  the  first  filter,  with  an  L-C 
product  of  2  X  16  =  30,  the  at¬ 
tenuation  is  read  as  24.5  db.  The 
second  filter  has  an  L-C  product 
of  2  X  20  =  40  and  the  attenua¬ 
tion  is  read  as  27  db.  From  the 
table  the  equivalent  rectifier  at¬ 
tenuation  of  a  single-phase  full- 
wave  rectifier  is  given  as  +  6.6 
db. 

The  total  resulting  ripple  at¬ 
tenuation  is  the  sum  of  that  of 
the  individual  filter  sections  plus 
that  of  the  rectifier.  In  this  case, 
the  total  is  24.6  +  27  -1-  6.6  =  68 
db  rms  below  the  d-c  level. 


ELECTRONICS  REFERENCE  SHEET 
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Two  New  Single  or  Double  Section  Switches 


RSA-60 

Saving  Design  and  Mallory  Precision  Quality 

.  .  .  Yet  They  Cost  No  More! 


Where  space  is  a  factor — dependabilitv  essential — low  cost  a  prerequisite — the  Mallory 
RSA-50  and  RSA-60  switches  fill  the  bill ! 

These  new  circuit  selector  switches,  with  section  and  terminal  design  identical  to  that  of 
the  famous  Mallory  RS-50  and  RS-60  switches,  are  designed  for  band  and  tone  control 
switching  in  radio  receivers  and  other  electronic  applications  where  medium  and  low 
torque  indexing  action  is  desired. 

The  index  assembly  is  of  durable  design  and  constructed  with  a  minimum  of  parts — 
affording  dependable  service  life  with  low  torque  and  positive  indexing  action. 

Note  these  many  features,  inherent  in  all  the  Mallory  RS  series,  which  contribute  to 
the  dependability  and  quality  of  these  two  new  additions  to  the  line: 

•  Insulation  of  high-grade.  low-loss  laminated  phenolic. 

•  Terminals  and  contacts  of  special  Mallory  spring  alloy,  heavily  silver-plated  to 
insure  long  life  at  low  contact  resistance. 

•  Terminals  held  securely  by  exclusive  Mallory  twtvpoint  fastening — heavy  staples 
prevent  loosening  or  twisting. 

•  Double  wiping  action  on  contacts  with  an  inherent  flexing  feature — insures  good 
electrical  contact  with  the  rotor  shoes  throughout  rotation. 

•  Six  rotor  supports  on  the  stator — insure  accurate  alignment. 

•  Brass  rotor  shoes,  heavily  silver-plated — insure  low  contact  resistance. 

•  All  shoes  held  flat  an«l  securely  to  phenolic  rotor  by  rivets — prevents  stubbing — 
insures  smooth  rotation — minimum  of  noise  in  critical  circuit*. 

The  RSA-50  and  RSA-60  are  both  available  in  one  or  two  section  construction.  The 
RSA-50  accommcMlates  up  to  twelve  terminals  on  either  side  of  the  section  and  provides 
from  2  to  6  positions.  The  RSA-60  accommodates  ^  to  ten  terminals  on  either  side  of 
the  section  and  provides  from  2  to  5  positions.  The  RSA-60  has  the  narrow  section 
design — ideal  for  under  chassis  mounting,  where  space  saving  is  paramount. 


ENGINEERING  DATA  SHEET 

Send  for  the  Mallory  Ei^ineer- 
ing  Data  Sheet  on  the  RSA-50 
and  RSA-60.  It  contains  com¬ 
plete  specifications  for  available 
circuit  combinations  with  re¬ 
spective  terminal  locations, 
dimensional  drawings  —  every¬ 
thing  the  engineer  needs  to 
adapt  the  RSA-50  or  RSA-60 
switch  to  a  particular  circuit. 

SPECIFICATION  SHEETS 

Specification  sheets  for  the  RSA-50 
and  RSA-60  switches  have  also 
been  prepared.  These  sheets  are 
printM  on  thin  paper  to  permit 
blueprinting.  The  sectional  draw¬ 
ings  indicate  standard  and  opt'onal 
dimensions — make  it  easy  for 
you  to  order  production  samples 
built  to  your  requirements. 


VisH  as  at 

I.R.L  Shaw 
Graad  Caatral 

Palace 

New  Yark 
March  27-35 
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TUBES  AT  WORK 


ture  dual  triode  in  a  resistance- 
capacitance  tuned  oscillator  circuit, 
generate  the  low  and  high  frequen¬ 
cies.  Combinations  of  capacitors 
provide  fretiuencies  of  40,  60,  100, 
and  150  cycles  from  the  low-fre¬ 
quency  oscillator,  while  similar  pro¬ 
vision  is  made  for  the  selection  of 
high  frequencies  of  1,000,  2,000, 
7,000,  and  12,000  cycles.  Each  oscil¬ 
lator  circuit  includes  a  lA  type 
thermistor,  *or  thermally  sensitive 
resistor,  which  operates  on  one  of 
the  cathodes  of  each  of  the  2C5r8 
and,  together  with  a  voltage 
divider,  provides  negative  feed 
back.  The  thermistors  increase  the 
stability  of  the  oscillator  outputs  by 
minimizing  variations  occurring 
with  changes  in  gain. 

Each  oscillator  feeds  a^  three- 
stage  amplifier  consisting  of  both 
halves  of  a  2C51  and  a  final  push- 
pull  stage.  The  amplified  high  fre¬ 
quency  is  attenuated  to  0,  6,  12,  or 
30  db  in  relation  to  the  low-fre¬ 
quency  output  and  the  two  outputs 
combined  in  a  hybrid  coil.  The  use 
of  a  hybrid  coil  makes  possible  the 
combining  of  the  two  frequencies 
with  a  minimum  of  intermodulation 
because  each  of  the  amplifiers  is 
separated  from  the  other.  At  low- 
outputs  and  for  most  frequency 
combinations,  this  intermodulation 
is  less  than  0.2  percent. 

In  the  third  stage  of  the  initial 
amplifier,  the  plate  load  is  a  filter 


INDUSTRIAL  CONTROL 
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Instrument  for  Intermodulation  Measurements 

The  Front  Cover . 

High-Frequency  Crystal  Voltmeter . 

X-Roy  Thickness  Gage . 

Ultraviolet  Flame  Detector . 


IiiMtriiiiieiit  for  Interiii04lulatioii  Meat^iirc'nieiiltt 


By  George  Daniel 

M’eateru  Electric  Compauj/ 
Xcic  York,  N.  V. 


Intermodulation  measurement  modulation  of  the  higher  frcq-wncy 

make.s  possible  important  findings  by  the  lower  is  determined, 

on  the  subject  of  distortion  not  A  novel  feature  of  this  measur- 
available  by  other  methods.  In  in-  ing  system  is  the  inclusion  of  a 

termodulation,  the  interaction  of  phase  meter  which  indicates 

two  frequencies  is  studied,  the  pur-  whether  compression  is  occurring 

pose  being  to  discover  the  degree  to  on  the  positive  or  negative  half  of 

which  one  frequency  is  modulated  the  input  signal  by  comparing  the 

by  the  other.  phase  relationship  between  the  out- 

More  versatile  than  its  predeces-  put  of  the  low-pass  filter  and  the 

sor,  a  new  Western  Electric  equip-  low-frequency  signal  at  the  input  to 

ment  for  making  these  measure-  the  analyzer, 

ments  consists  of  a  signal  generator 

in  which  two  independent  frequen-  Oscillators 

cies  are  produced  and  combined  and  In  the  signal  generator  two  oscil- 

an  analyzer  in  which  the  degree  of  lators,  each  made  of  a  2C51  minia- 


VOL  CONTROL*!- —  INITIAL  AMPL---J*N-F  BANDPASS  FCTERJ*-  AMPL 


|*SENSCONTR0l«}»  AMPL  RECT 


PHASE  METER 


220,900 


Schematic  oi  Ih*  analyier  ■•cUon  oi  ths  Intermodulalion  melvr 
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DIEFLEX  PRODUCTS  LIST 
MADE  WITH  BRAIDED  COTTON  SLEEVING  BASE 
VTA  Grade  A-1  Magneto  Grade  Varnished  Tubings 
VTA  Grade  B-1  Standard  Grade  Varnished  Tubings 
VTA  Grades  C>1  and  02  Heavily  Coated  Saturated  Sleevings 
VTA  Grade  03  Lightly  Coated  Saturated  Sleevings 
Heavy  Wall  Varnished  Tubings  and  Saturated  Sleevings 

MADE  WITH  BRAIDED  GLASS  SLEEVING  BASE 
VTA  Grade  A-1  Magneto  Grade  Varnished  Fiberglas  Tubings 
VTA  Grade  Ol  Extra  Heavily  Saturated  Fiberdas  Sleevings 
VTA  Grade  C-2  Heavily  Saturated  Fiberglas  Sleevings 
VTA  Grade  C-3  lastly  Saturated  Hberglas  Sleevings 
Silicone-Treated  Fiber^as  Varnished  Tubings  and  Saturated 
Sleevings 


Ease  of  assembly  is  an  important  factor  in  both  cost  and 
production  time  of  electric^  devices.  Dieflex  varnished  tub¬ 
ings  and  saturated  sleevings  are  non-fraying  products  with 
unusually  good  push-back  characteristics.  Splicing  and  sol¬ 
dering  are  easier,  and  you  can  depend  on  the  high  standard 
of  quality  to  which  these  products  are  made. 

Flexibility,  dielectric  strength,  and  other  physical  proper¬ 
ties  of  Dieflex  varnished  tubing  products  are  unusually  good 
because  every  one  is  completely  impregnated  with  specially 
formulated  oleoresinous  baking  varnish.  Both  cotton  and  glass 
fiber  types  are  available  from  stock.  You  are  always  sure  of 
getting  the  best  when  you  specify  Dieflex. 


INSULATION 

manufacturers  corporation 

*CHICAGO  6  •  565  W.  Woihington  Blvd. 


MIIWAUKH  7 

1.  Witcontin  Ave. 

MTROIT  7 

11341  Woodward  Avo.^  1m  o 
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Aithorized  DistriUrtors 

INSULATION  and  WIRES  INCORPORATED 

St.  Louis  3,  Mo.  a  AHonta,  On.  a  Boston  20.  Mots. 
DatroH  2.  Mich,  a  Houston  2.  Tax.  a  Now  Yorfc7,N.Y. 
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THE  FROIST  COVER 

The  chassis  shown  on  this  month’s  cover  combines  three  amplifiers, 
one  modulator,  and  pulse  shaping  and  clamping  circuits,  of  the 
Ludwig  electronic-hydraulic  high  speed  industrial  computer.  This 
unit  solves  continuously  a  differential  equation  involving  error, 
integral  of  error  and  derivative  of  error. 

The  computer  has  been  developed  to  solve  problems  of  register  in 
web  processing,  any  manufacturing  or  converting  operation  involv¬ 
ing  a  continuous  sheet  of  material,  as  in  printing,  cutting,  slitting, 
winding,  and  rolling.  Processing  registration  accuracies  up  to  and 
beyond  0.0001  inch  on  any  web  can  be  built  into  a  control  which  will 
be  fully  automatic  over  a  web  speed  range  of  ten  to  one. 

The  computer  on  the  cover,  shown  with  inventor  John  W.  Ludwig, 
was  adapted  to  multicolor  registration  on  high-speed  rotogravure 
presses.  It  holds  color  register  to  0.0001  inch  at  web  speeds  ranging 
from  100  ft  per  min  to  1,000  ft  per  min.  Errors  are  corrected 
within  0.15  second.  In  the  case  of  slow  gradual  errors,  corrective 
control  is  thus  anticipatory.  Comparable  accuracies  and  correction 
times  are  engineered  into  controls  govertiing  metal  rolling,  sheet 
metal  processing,  cutting,  slitting,  roll  wind  and  rewind,  fabric  and 
synthetic  web  processing. 


which  may  be  selected  by  a  switch 
as  a  band-pass  filter  of  1,500-2,500 
cycles  or  a  high -pass  filter  of  6,500 
cycles.  This  signal  is  amplified  by 
both  halves  of  a  2C51  to  produce  an 
output  of  the  high-frequency  signal 
modulated  by  the  low-frequency  sig¬ 
nal  to  a  degree  dependent  upon  the 
amount  of  intermodulation  in  the 
input  signal. 

The  output  of  the  high-frequency 
amplifier  is  rectified  and  filtered 
through  a  low-pass  filter  with  a 
terminating  resistor  of  2,400  ohms, 
Rm.  The  amplitude  of  the  low- 
frequency  voltage  impressed  on  this 
resistor  is  relative  to  the  degree  of 
intermodulation  in  the  input  signal, 
while  the  average  current  passing 
through  Ra  indicates  the  amplitude 
of  the  high-frequency  input  signal. 

The  low-frequency  component 
from  the  low-pass  filter  is  im¬ 
pressed  upon  the  primary  of  trans¬ 
former  r,,  the  secondary  of  which 
is  connected  to  a  variable  attenu¬ 
ator  which  has  provision  for  set¬ 
tings  of  5,  15,  50,  and  100-percent 
intermodulation,  allowing  full-scale 
intermodulation  readings.  The  out¬ 
put  of  the  attenuator  is  amplified  by 
one-half  of  a  2C51  and  this  output 
rectified  by  the  6AL5  full-wave 
rectifier. 

The  voltage  developed  across  R;^: 
is  applied  to  the  grid  of  the  other 
half  of  the  2C51  used  in  the  low- 


ffequency  amplifier — a  space-sav¬ 
ing  feature  made  possible  by  the 
shielding  of  the  individual  sections 
within  the  tube — and  the  triode 
used  as  a  vtvm  in  connection  with 
3/;,  on  which  the  percentage  inter¬ 
modulation  is  read  directly.  In  the 
preceding  rectification,  the  voltage 
polarity  developed  is  always  such  as 
to  make  the  grid  negative  with 
respect  to  ground.  The  cathode 
voltage  is  adjusted  by  a  control  on 
the  front  panel  so  that  3/*  will  read 
zero  percent  intermodulation  by 
applying  positive  d-c  voltage  to  the 
grid,  increasing  plate  and  cathode 
voltage. 

Since  the  output  of  the  rectifier 
Vi  is  such  as  to  make  the  grid  of  the 
vtvm  more  negative  as  the  amount 
of  intermodulation  increases,  the 
plate  current  and  cathode  voltage 


Essential  stoges  oi  the  system  for  meacur- 
ing  inteonodulation  distortion 
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decrease  with  intermodulation  in¬ 
crease,  causing  the  pointer  of  3f, 
to  move. 

Although  the  new  system  will  be 
of  value  in  many  fields  where  audio 
frequencies  are  used,  it  will  be  of 
particular  importance  in  the  meas¬ 
urement  of  intermodulation  on  var¬ 
iable  density  sound  track  where 
intermodulation  occurs  not  only 
during  recording,  but  within  the 
film  itself. 

Application 

To  determine  optimum  process¬ 
ing  and  recording  techniques,  the 
output  of  the  signal  generator  is 
adjusted  so  as  to  modulate  the  light 
valve  about  1.5  db  below  the  clash 
point,  or  the  point  at  which  the  two 
ribbons  of  the  light  valve  overlap 
in  the  path  of  the  light  beam,  there¬ 
by  providing  the  maximum  safe 
modulation.  Recordings  are  then 


The  signal  generator  and  analyzer  mounted 
on  the  rack  form  the  two  units  oi  the 
Western  Electric  intermodulation  test  set 
for  measuring  audio-frequency  distortion 
caused  by  intermodulation 

made  at  several  recorder  lamp  in¬ 
tensities  and  the  negatives  pro¬ 
cessed  for  various  values  of  gamma. 
Positive  prints  are  next  made  for 
each  negative  at  several  printer 
light  values  in  a  region  which  past 
experience  has  shown  to  be  accept¬ 
able. 

Each  of  the  several  positives  is 
then  run  on  a  suitable  reproducer 
and  the  output  fed  into  the  inter¬ 
modulation  analyzer.  The  print 
which  gives  the  optimum  reading  in 
terms  of  intermodulation  percent¬ 
age  is  then  used  as  a  guide  in  mak¬ 
ing  further,  more  specific  tests  by 

(continued  on  p  ISO) 
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Western  Electric  is  now  offering  a  group  of  min¬ 
iature  tubes,  including  2  twin  triodes  and  6  pen¬ 
todes.  They  were  developed  by  Bell  Telephone 
Laboratories ...  are  manufactured  by  Western 
Electric  to  the  high  standards  of  quality  for  which 


all  Western  Electric  tubes  are  noted.  Data  sheets 
on  all  these  miniatures  are  available  for  your  de¬ 
sign  hies.  Send  the  coupon  for  sheets  on  the  types 
you  are  interested  in— or  call  your  Graybar  Repre¬ 
sentative  for  full  information. 
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6iUS 

Fantoda 

6.3 
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180 
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Pantoda 

6.3 

150 

180 

5591 

Pantoda 

6.3 

150 

180 

408A 

Pantoda 

20 

50  ' 

180 

2C51 

Twin  Trioda 

6.3 

30 

300 

Twin  Trioda 

20  (porollal) 

100  (porallal) 

300 

LT 

40  (sarias) 

{  50  (sarias) 
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Graybar  Elearic  Company 

420  Lexington  Ave.,  New  York  17,  N.  Y. 

PUatt  send  me  data  sheets  om  the  tubes  drcied: 
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be.  He  correlates  what  precedes 
and  follows  portions  of  the  signal 
to -find  out  what  the  garbled  por¬ 
tions  ^re.  In  this  case  more  letters 
are  transmitted  than  the  probabil¬ 
ity  of  the  receiving  operator’s 
deducing  them  necessitates.  Not 
all  the  letters  needed  to  be  trans¬ 
mitted  in  the  first  place  for  the 
operator  to  have  deduced  the 
complete  message.)  For  example; 
because  .the  amplitudes  for  the  fre¬ 
quency  components  of  speech  de¬ 
crease  with  increasing  frequency, 
whereas  the  amplitudes  of  all  the 
frequency  components  of  noise  are 
equal,  pre-emphasis  should  be  used 
to  remove  the  amplitude-frequency 
correlation  of  speech. 

At  the  receiver  output,  because 
of  the  noise,  there  is  a  region  of  un¬ 
certainty  about  the  amplitude  of 
the  signal  as  shown  in  Fig.  IB.  The 
noise  N  fixes  the  depth  of  this  re¬ 
gion.  (The  system  must  be  de¬ 
signed  to  provide  a  maximum 
amplitude  of  the  signal  so  that  the 
signal-noise  ratio  meets  the  re¬ 
quirements  of  whatever  service  the 
channel  is  to  be  used  for.)  There¬ 
fore  only  (1  +  S/N)  discrete 
amplitudes  of  signal  can  be  dis¬ 
tinguished.  (The  “one”  arises  from 
the  fact  that,  if  a  line  is  cut  by  M 
intersections,  it  is  divided  into 
1  +  M  segments,  counting  the  ends 
as  well  as  the  segments  between 
intersections.)  The  amplitude  di¬ 
mension  of  the  signal  is  thus  broken 
into  a  series  of  discrete  levels.  The 
signal  is  said  to  be  quantized  be¬ 
cause  of  the  parallel  to  the  quantum 
theory.  Quantization  is  done  at 
the  amplitude  intervals  that  can  be 
just  distinguished  in  the  presence 
of  the  finite  noise. 

It  is  unnecessary  to  transmit  a 
continuously  varying  signal.  There¬ 
fore  the  quantized  signal  can  be 
sampled  at  the  fastest  rate  at  which 
it  is  expected  to  exhibit  a  distin¬ 
guishable  change  in  amplitude  be¬ 
cause  of  its  finite  bandwidth,  as 
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Theoretical  Requirements  for  Commimication  Systems 

Recording  Spectrometer . 

Development  and  Applications  oi  the  Skiatron . 

Measuring  R-F  Power  with  a  Thermopile . 

Directly  Coupled  Phase  Inverter . 

Survey  ol  New  Techniques . 


Tlieorelfcal  Requirements  for  Coniniunication  Systems 


Additional  light  was  shed  on  new 
methods  for  determining  effective¬ 
ness  of  communication  systems  in 
utilizing  frequency  spectrum,  trans¬ 
mission  time,  arid  transmitter 
power  to  convey  information  from 
point  to  point  in  the  presence  of 
noise  by  W.  G.  Tuller,  Project  Engi¬ 
neer  of  Melpar  Inc.,  before  120 
members  of  the  Princeton  Section 
of  the  IRE  on  January  8  at  Prince¬ 
ton  University.  After  philosophiz¬ 
ing  as  to  whether  communication 
systems  convey  information  or  in¬ 
telligence,  Mr.  Tuller  presented  cri¬ 
teria  by  which  sUch  systems  can  be 
evaluated.  The  concepts,  reported 
below,  are  extensions  of  the  Hart¬ 
ley  Law,  which  has  been  recently 
modified  to  include  the  effect  of  sig¬ 
nal-noise  ratio  (Electronics,  p  72, 
Jan.  1948). 

Elements  of  Communications 

To  determine  efficiency  with 
which  a  communication  system,  the 
essential  feature  of  which  is  usually 
the  modulation,  utilizes  its  trans¬ 
mission  medium,  the  fundamental 
laws  of  communications  need  to  be 
known.  Knowing  these  laws,  their 
influence  on  specific  systems  can  be 
determined.  However,  here  the 
interest  is  limited  to  the  laws  them¬ 
selves. 

Consider  the  simplified  com¬ 
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FIG.  I — Basic  elemenlB  oi  simplo  communication  Bystem  indicate  that  transmiBsion  can  be  by  two-dimensional  points 
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Kn  output  attenuator  having  five  decimal  steps  permits  accu> 
ate  setting  of  voltages  as  little  as  1  millivolt. 
Enqineers  making  gain  or  sensitivity  measurements 
mil  particularly  appreciate  this  feature. 

UmM  rtocit  ovotfoU*  for  imm*dieio  doUvory 
WHtm  for  Catalog  "t' 


DISTORTION:  5%  or  Utt  at  1  woM  output,  2%  or  las*  for  */]  voMogo 
output. 

VOLTMETER  ACCURACY:  of  full  seal#  rooding. 


BOONTON  radio 


BOONTON -N  J-  U  S  A 


pO«H>NSRS  AND  MANUFACTURHO  OF  ‘mS  *^*'mETER  ...  OX-CNECKER  ..FREOUENCY  MODULATED  SICMAL 
GENERATOR  .  .  .  lEAT  FREQUENCY  GENERATOR  .  .  .  AND  OTHER  DIRKT  READING  TEST  INSTRUMENTS 
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•  THE 

BEAT  FREQUENCY 
GENERATOR 

TYPE  140-A 


FREQUB4CY 


AN  IMPORTANT  FEATURE 


ENGINEERED  FOR 

^SE  OF  OPERATION 
AND  ADJUSTMENT 


of  Hilt  instrumont  Is  Iho  largo  diol  seal#  which  hos  boon  plannod 
for  maximum  roadability  and  rapid  sotting— Iho  ovorall  dial 
scolo  longth  from  20  cyclos  to  5  mogacyclos  oxcoods  22  inches. 
Tho  low  froquoncy  scolo  evorlaps  tho  high  froqwoncy  seal#  a  I 
30  kc,  pormitting  continuous  froquoncy  covorago  ovor  tho  ontiro 
audio  spoctrum  without  bothorsomo  rango  switching. 


One  of  the  most  valuable  instruments  in  the  laboratory  is  a 
generator  of  signal  voltage.  Boonton  Radio  Engineers  in 
designing  the  Type  140-A  Beat  Frequency  Generator  have 
provided  an  instrument  of  wide  frequency  coverage,  capa¬ 
ble  of  supplying  accurate  output  voltages  ranging  from 
several  microvolts  to  30  volts  and  having  a  variety  of  output 
impedances  from  20  ohms  to  1000  ohms. 


A  1-inch  cathode  ray  tube  has  been  provided  to  standardize 
the  low  frequency  range  against  the  power  line  frequency 
and  to  allow  multiples  of  this  frequency  to  be  set  with 
excellent  accuracy  by  means  of  the  cathode  ray  tube 
pattern. 


FREQUENCY  RANGE:  20  cycles  to  5  megacycles  in  fwe  ranges.  Low 
range:  20  to  30,000  cycles.  High  range:  30  he  lo  S  megacycles. 


FREQUENCY  CALIBRATION:  Accuracy  cycles  up  to  100  cycles, 
^2%  above  100  cycles. 


STABILITY:  About  5  cycles  drift  below  1000  cycles.  On  low  range,  drift 
becomes  negligible  percentage  with  increasing  frequency.  On  high 
range,  drift  is  3%  or  less. 


ADJUSTMENT:  High  and  low  ranges  have  individual  zero  beat  adjust- 
ments.  Low  range  may  be  checked  against  power  line  frequency 
with  front  panel  1-inch  cathode  ray  tube. 


OUTPUT  POWER  AND  IMPEDANCES;  Rated  power  output:  One  woH, 
available  over  the  lew  frequency  range  from  output  impedances  of 
20,  so,  200,  500,  1000  ohms,  and  over  both  high  and  low  frequency 
ranges  from  on  output  impedance  of  1000  ohms. 
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shown  in  Fig.  IC.  Sampling  pro¬ 
duces  T/t  samples  in  time  T  at 
intervals  of  t,  t  =  1/2F,  where  F 
is  the  highest  frequency  component 
in  the  signal.  The  result  of  ampli¬ 
tude  quantization  and  time  sam¬ 
pling  is  a  series  of  signal  points  as 
shown  in  Fig.  ID. 

Because  all  information-bearing 
signals  can  be  reduced  to  such 
points,  the  series  of  random  points 
is  the  most  general  form  of  signal. 
Only  the  coordinates  (time  and 
amplitude)  of  these  points  need  be 
considered  *  in  communication 
theory.  In  practice  these  coordi¬ 
nates  are  transmitted  in  any  con¬ 
venient  way  such  as  carrier  ampli¬ 
tude  modulation,  frequency  devia¬ 
tion,  or  binary  pulse  code.  At  the 
receiver  the  particular  modulation 
process  is  performed  in  reverse. 

Characteristics  of  Systems 

The  foregoing  treatment  shows 
that  the  number  of  two-dimensional 
information  points  is  2FT,  and  that 
each  one  occurs  at  random  from  a 
set  of  (1  -4-  S/N)  possible  points. 
Therefore,  to  handle  this  signal, 
an  area  capable  of  handing 
(1  +  S/AT)*"  total  signals  is  re¬ 
quired,  or  the  capacity  H  of  the 
information  signal  space  is 

H  =  {2FT)  log  (1  +  S/X)  (1) 

whereas  heretofore  the  basic  com¬ 
munication  law  has  stated  that  the 
capacity  was  proportional  to  the 
product  of  the  bandwidth  and  the 
time  FT. 

In  a  similar  manner,  the  capacity 
for  containing  information  of  the 
carrier  space  is  {2BT)  log  (1  + 
C/N).  In  designing  a  communica¬ 
tion  system,  the  capacity  of  the  in¬ 
formation  space  is  made  equal  to 
that  of  the  carrier  space,  so  that 
(2FT)  log  (1  +  S/N)  =  {2BT) 
log  (1  +  C/N).  To  simplify  the 
mathematics,  assume  that  both  in¬ 
formation  and  carrier  signals  are 
well  above  the  noise,  so  that  the 
equation  reduces  to 

(S/N)  5  (C/y)»/'  rCasel 
where  the  “less  than”  is  necessary 
because  of  the  immediately  fore¬ 
going  simplifications.  In  Case  I 
the  transmitter  sends  more  or  less 
than  one  point  for  each  information 
point;  that  is,  it  maps  into  a  higher 
or  lower  order  space,  as  in  pulse 
code  modulation  in  which  each  in¬ 
formation  point  is  t^nsmitted  as 


several  pulses  of  the  code  group. 

If  the  transmitter  sends  one 
point  for  each  point  from  the  in¬ 
formation  signal,  mapping  into  the 
same  order  space,  the  relation  is  the 
familiar 

(S/N)  5  (B/F)  (C/N)  :  Case  II 
applying  to  a-m,  p-m,  and  f-m.  The 
characteristics  of  any  communica¬ 
tion  system  can  be  expressed  by  one 
of  these  two  relations. 

Examples  of  Realization 

These  theoretical  considerations 
can  be  used  to  study  properties  of 
any  method  of  modulation,  or  to 
determine  minimum  requirements 
for  a  given  service.  For  example; 
if  B/F  is  to  be  smaller  than  unity, 
when  transmission  occupies  less 
bandwidth  than  the  information, 
C/N  must  be  large  to  maintain  a 
useful  S/N.  Or  in  general,  the 
capacity  of  the  two  portions  (in¬ 
formation  and  transmission)  of  the 
system  are  made  equal  by  adjusting 
the  signal-noise  ratio  to  compensate 
for  changes  in  bandwidth.  In  Case 
I  the  exchange  of  signal-noise  ratio 
for  bandwidth  is  exponential,  in 
Case  II  the  exchange  is  simply 
multiplicative. 

To  visualize  how  wideband  in¬ 
formation  can  be  transmitted  in  a 
narrow  band,  consider  a  generalized 
signal  that  consists  of  an  ampli¬ 
tude-modulated  pulse  train.  The 
amplitudes  of  three  consecutive 
pulses  of  the  train  are  3,  6,  and  7 
units,  the  peak  possible  amplitude 
being  10  units.  Instead  of  trans¬ 
mitting  these  three  sharp  pulses 
in  rapid  sequence,  they  can  be  con¬ 
verted,  by  complex  terminal  equip¬ 
ment  operating  along  the  lines  of 
digital  computers,  into  a  single 
pulse  357  units  in  amplitude.  This 
pulse  can  then  be  transmitted  in  the 
same  time  that  the  three  would  have 
required,  and  it  can  be  much  wider 
than  any  one  of  the  original  three. 
The  transmitted  bandwidth  is  thus 
reduced.  If  the  amplitudes  of  the 
three  original  pulses  are  to  be  re¬ 
covered  to  an  accuracy  of  one  part 
in  ten,  S/N  =  10,  the  C/N  will  have 
to  be  1,000.  Because  three  infor¬ 
mation  points  are  transmitted  as 
only  one  point,  this  is  a  Case  I  sys¬ 
tem.  The  transmitted  bandwidth 
would  be  about  a  third  the  informa¬ 
tion  bandwidth. 

Unfortunately,  in  Case  II  sys¬ 


tems,  bandwidth  can  be  reduced 
only  by  increasing  transmission 
time  because,  as  originally  postu¬ 
lated,  «ach  information  point  is 
transmitted  as  a  single  transmis¬ 
sion  point.  The  most  obvious  ex¬ 
ample  of  a  narrower  band  Case  II 
system  is  that  based  on  recording 
the  message  and  transmitting  the 
record  at  low  speed.  This  method 
requires  consideration  of  message 
duration,  tlie  law  for  which  has 
long  been  known  and  need  not  be 
reviewed  here.  In  general.  Case 
II  systems  are  best  used  to  im¬ 
prove  signal-noise  ratio  by  in¬ 
creasing  bandwidth,  as  is  done  in 
frequency  modulation.  In  this 
instance  (S/N)  =  \/3(C/N),  the 
V3  arising  because  a  rectangular 
spectrum  is  assumed  in  the  deriva¬ 
tion,  but  is  not  used  practically. 

Although  terminal  equipment  for 
such  systems  is  costly,  being  both 
more  complex  and  requiring  higher 
transmitter  power,  it  may  be  justi¬ 
fied  by  the  necessity  to  provide 
facilities  for  the  growing  volume  of 
communication  to  be  handled  in  the 
available  frequency  spectrum. 


Recording  Spectrometer 

Quantitative  analysis  of  low-alloy 
steels  can  be  made  quickly  with  a 
direct  reading  spectrometer  con¬ 
taining  12  light  receivers.  The  in¬ 
strument  comprises  a  conventional 
exciter  for  producing  a  high  intens- 


Industrial  materials  can  be  analysed  in  a 
minute  with  this  direct-reading 


ity  spectrum  from  the  metallurgi¬ 
cal  sample  to  be  analysed,  and  a 
grating  spectrometer  producing  a 
long  focal  curve.  To  obtain  direct 
indications  of  percentages  of  alloys 
present,  12  light  receivers  with  in- 

(continued  on  p  174) 
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This  amazing  UllIRD  aerial  sells  FM 
better  than  10,000  words! 


' 


Nothing  olso  to  buy  . . .  «"*♦ 
most  complotoly  pro-osiomblod. 


NEW  NON-DiRECTIONAL 
TURNSTILE  FOLDED  DIPOLE 
AERIAL  FOR  FM 


I 


electronics  — A«ofC*,  1949 


141 


oscilloscope  includes  special  fea¬ 
tures  for  various  industrial  and 
l  esearch  applications.  Provision  is 
made  for  internal  calibration  of 
sweep  circuits.  Accelerating  po¬ 
tential  of  4,000  volts  produces  a 
clear  trace.  Sweep  speeds  from  4 
to  4,500  microseconds  can  be  se¬ 
lected  in  6  ranges,  while  expanded 
and  delayed  portions  of  the  above 
sweep  are 'also  available  at  speeds 
of  4,  10,  or  26  microseconds.  There 
are  other  special  features. 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers^  literature 


Television  Camera  (1) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  56-pound  television 
camera  is  ten  inches  wide,  ten 
inches  high  and  twenty  inches  long. 
Designed  primarily  for  studios,  it 


marker  oscillator  -designed  for  use 
with  standard  oscilloscopes  for  the 
accurate  measurement  of  time  in¬ 
tervals  on  either  triggered  or 
recurrent  sweeps.  Markers  avail¬ 
able  are  0.1,  0.6, '1.0,  10,  and  100 
microseconds.  Operation  of  the 
calibrator  can  be  by  use  of  external 
synchronizing  triggers  or  from  its 
own  trigger  generator. 


Noise  Suppressor 
Amplifier 

Fisher  Radio  Corp.,  41  East  47th 
St.,  New  York,  N.  Y.  A  new  wide- 
range  amplifier  that  embodies  the 


Industrial  CRO  (3) 

Allen  B.  Du  Mont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 
The  new  type  256-D  cathode-ray 


Scott  dynamic  noise  suppressor 
shows  only  1  percent  distortion  at 
20  watts  output,  has  less  than  0.5 
percent  intermodulation  distortion 
at  5  watts  output,  and  exhibits  uni¬ 
form  response  within  plus  or  minu.'i 
1  db  from  20  to  20,000  cycles.  The 
amplifier  is  priced  at  $254.50. 


Talking  .4ds  (») 

Magnecord,  Inc.,  304  W.  63rd  St., 
Chicago  21,  Ill.  AudiAd  is  a  mag¬ 
netic  tape  recorder  that  plays  back 
a  total  of  more  than  60  seconds  of 
speech  or  other  sound,  either  con¬ 
tinuously  or  in  brief  segments, 
after  being  tripped  by  a  light-beam 


is  mounted  on  a  mobile  dolly  and 
may  be  operated  with  fingertip  con¬ 
trol.  Acceptable  pictures  can  be 
obtained  at  50  foot-candles  and 
f/3.6. 


USING  THE  NUMBERS 

Readers  desiring  further  details 
concerning  any  item  listed  in  the  New 
Products  department  can  obtain  the 
information  by  using  the  cards  fur¬ 
nished  as  a  stiff,  colored  insert  else¬ 
where  in  this  department. 

Place  the  number  (appearing  to 
the  right  of  the  heeding)  of  one 
item  in  which  you  are  interested  in  a 
circle  and  then  fill  out  the  bolance 
of  the  card  according  to  directions 
appearing  on  the  colored  sheet.  Un¬ 
numbered  items  listed  at  the  end 
should  be  procured  direct  from  the 
manufccturer  or  publisher  upon  pay¬ 
ment  of  the  fee  noted. 


Sweep  Calibrator  (2) 

Browning  Laboratories,  Inc., 
Winchester,  Mass.  Model  GL-22 
sweep  calibrator  is  a  pulsed  timing 
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ifMronic  Analyzer,  Model  769, 


[ordinarily  Useful  and  Dependable  Instrument 
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This  \\TESTON  Instrument,  employing  the  small 
probe,  pictured,  provides  a  stable  vacuum  tube 
vdtmeter  with  a  range  up  to  300  megacycles.  Com¬ 
bined  with  this  in  the  one  instrument  is  a  volt-ohm- 
milliammeter  and  a  high  impedance  electronic 
volt-ohmmeter. 

The  handy  sized  probe  permits  ready  measure¬ 
ment  of  high  frequency  potentials  in  restricted 
spaces;  Its  convenience  in  use  and  the  stability  and 
broad  frequency  range  of  the  Instrument  may  be 
attributed  in  part  to  the  use  of  the  Typo  CK  606 
BX  Raytheon  Subminiature  Tube. 


Why  WESTON  and  other  manufacturers  of  high  grade 
electronic  equipment  use  RAYTHEON  Subminiature 
Tubes. 

1,  Product  Sizo  .  .  .  Incrootod  Product  Soiobility. 

Raytheon  filamentary  Subminiature*  are  flat.  Batteries  can  be  tiny 
because  of  extremely  low  filament  drain. 

2.  Plu(  Into  Standard  Sockots.  All  Raytheon  Subminiatures  con 
either  be  soldered  in  or  plugo*d  into  readily  available  sockets. 

Roythoon  Roliobility  —  the  result  of  unique  precision  methods 


and  eight  years  continuous  production  of  lenf>llfe  SubmMoture 
Tubes. 


4.  Roodlly  AvoiioMo  From  Stock  —  over  half  a  million  on  tap  of 
oR  times.  Over  30  types.  Standard  throughout  the  world. 


S.  At  Your  Locol  Distributor’s  —  over  three  hundred  Raytheon 
Special  Purpose  Tube  Distributors  ready  to  serve  you  quickly  and 
intelligentfy. 


Mtrita  for  Oota  Sfioots  on  ltayth»oit  tvhminkrtw  Toboe 


Keystone  Development  Corp., 
2813  Westheimer  Road,  Houston, 
Texas.  Sonolog  is  an  instrument 
for  the  acoustic  determination  of 
the  fluid  level  in  the  annular  space 
between  the  casing  and  the  tubing 
of  an  oil  well.  A  small  chamber 
attached  to  a  casing  at  the  surface 

(continued  on  poge 
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Hewlett-Packard  Co.,  396  Page 
Mill  Road,  Palo  Alto,  Cal.  Model 
-  660A  :  resistance-tuned  oscillator  is 
a  wide-band  precision  instrument 
which  provides  output  flat  within 


Resistance'T  aned 
Oscillator 


High  Altitude  Tube  (6) 

Amperex  Electronic  Corp.,  25 
Washington  St.,  Brooklyn,  N,  Y. 
Developed  for  the  Army  Air  Forces 
for  use  at  high  altitudes  is  a  half¬ 
wave  recti,fier  rated  at  14,000  peak 
inverse  volts.  It  delivers  an  aver¬ 
age  plate, current  of  125  ma  and  a 
peak  current  of  760  ma.  The  spe¬ 
cial  tube-socket  combination  will 
handle  voltages  as  high  as  35,000 
volts  peak.  Base  of  the  tube  is 
tapered  and  ground  to  fit  the  socket 
like  a  glass  bottle  stopper. 


Miniature  Conuectors  (7) 

H.  Buggie  &  Co.,  2145  Madison 
A^e.,  Toledo  1,  Ohio,  manufacture 
a  connector  with  an  overall  diam- 


1  db  from  10  cycles  to  10  me,  and 
a  voltage  range  of  0.00003  to  3 
volts.  Output  impedance  is  600 
ohms  or  6  ohms  with  output  volt¬ 
age  divider. 


(J-M  Counter  Tubes  (9) 

Amperex  Electronic  Corp.,  26 
Washington  St.,  Brooklyn  1,  N.  Y. 
Physically  redesigned  for  standard¬ 


ized  production  the  new  series  of 
Geiger  tubes  includes  counter  tubes 
for  beta,  gamma,  and  x-rays.  Fea¬ 
tured  herein  are  direct  bonds  be¬ 
tween  mica  and  metal  and  mica 
and  glass. 


Multiple  Power  Supply  (10) 


Croup  Telephone  (11) 

JORDANOFF  AVIATION  CORP.,  595 
Madison  Ave.,  New  York,  N.  Y.  ha* 
begun  limited  production  of  the 


Kepco  Laboratories,  Inc.,  142-46 
Roosevelt  Ave.,  Flushing,  N.  Y. 

i.  v  TAi-  Model  103  multiple  power  supply 

eter  of  23/64  inch.  It  has  a  voltage  ,  ,  ,  , 

i.-  j!  li.  1  -ii.  1  was  developed  to  supply  four  corn- 
rating  of  600  volts  peak  with  a  low  ,  j  li.  %  •  i 

1  mi_  1  j  monly  used  voltages  from  a  single 

loss.  The  unit  is  solderless  and  re-  i.  *4.  mu  i 

, ,  ..  compact  unit.  The  power  supply 

quires  minimum  cable  preparation.  4.  •  i.  4.*  i  •  ui 

'  contains  two  continuously  variable 


Jordaphone,  a  device  which  per¬ 
mits  group  telephone  conversations 
without  individual  headsets.  It 
consists  of  a  regulation  telephone, 
console  cabinet  and  microphone. 
Impulses  in  the  receiver  are  picked 
up  by  a  coil  in  the  console  and 
amplified.  In  transmitting,  the 
talker’s  voice  is  heard  without  am¬ 
plification.  A  built-in  receptacle 
cuts  out  all  outside  noises  from 
both  ends  of  the  handset. 


Well  Sounder 


or  similar  switch.  Interchangeable 
magazines  of  magnetic  tape  can  be 
recorded  with  advertising  copy  or 
the  individual  user  can  make  his 
own  recordings  on  the  spot. 


B  supplies  delivering  from  0  to 
300  volts  at  currents  up  to  120  mil- 
liamperes,  one  variable  C  supply 
delivering  from  —  50  to  +  60  v  at 
5  ma,  and  one  heater  supply  deliv¬ 
ering  6.3  volts  at  6  amperes. 


insulation 


In  television  seeing  is  believing  .  .  .  and  big  name  makers  of  televi¬ 
sion  sets  are  demonstrating  by  superior  performance  that  MYCALEX 
410  molded  insulation  contributes  importantly  to  faithful  televi¬ 
sion  reception. 

Stability  in  a  television  circuit  is  an  absolute  essential.  In  the  sta¬ 
tion  selector  switch  used  in  receivers  of  a  leading  manufacturer,  the 
MYCALEX  410  molded  parts  (shown  here)  are  used  instead  of  infe¬ 
rior  insulation  in  order  to  avoid  drift  in  the  natural  frequency  of  the 
tuned  circuits.  The  extremely  low  losses  of  MYCALEX  at  television 
frequencies  and  the  stability  of  its  properties  over  extremes  in  tem¬ 
perature  and  humidity  result  in  dependability  of  performance  which 
would  otherwise  be  unattainable. 

Whether  in  television,  FM  or  other  high  frequency  circuits,  the 
most  difficult  insulating  problems  are  being  solved  by  MYCALEX  410 
molded  insulation... exclusive  formulation  and  product  of  MYCALEX 
CORPORATION  OF  AMERICA.  Our  engineering  staff  is  at  your  service. 


Specify  MYCALEX  410  for: 

1.  Low  dioloctric  loss 

2.  High  diolocfric  strongth 

3.  High  are  rosistanc* 

4.  StabiUty  over  wide  humidity  and 

temperaturo  changes 

5.  Resistance  to  high  temperatures 

6.  Mechanical  precision 

7.  Mechanical  strength 

8.  Metal  inserts  molded  in  place 

9.  Minimum  service  expense 

1 0.  Cooperation  of  MYCALEX 
engineering  staff 


^'Owners  of  'MYCALEX'  Patents" 

Plant  and  General  Offices,  CLIFTON,  N.  J.  Executive  Offices,  30  ROCKEFELLER  PLAZA.  NEW  YORK  20.  N.  Y. 
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1946  Jatn«8  M.  Wallace:  Univeni^  ot 
Pittsburirh,  1936  ;  Weetlnghouae  ^ec- 
trie  Corporation.  PittaburKh,  Pa. 

1946  E^erard  M.  Williams;  Yale  Univer¬ 
sity.  1936 :  Carnecie  Institute  of 
Technology,  Pittsburgh.  Pa. 

1947  Richard  R.  Houah ;  Princeton  Uni¬ 
versity,  1939  ;  Bml  Telephone  L.alM<- 
ratorles,  Inc.,  Whlppany,  N.  J. 


NEWS  OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


New  WWV  time  signal  schedule;  Marine 
Corps  starts  electronic  warfare  train¬ 
ing;  reviews  of  11  new  technical  books 


HONORABLE  MENTIONS 

1942  Gilbert  D.  McCann,  Jr.;  California 
Institute  of  Technology,  1934  ;  Cali¬ 
fornia  Institute  of  TechnoloKy,  Pasa¬ 
dena,  (^allf. 

David  B.  Smith;  Massachusetts  In- 
,  stitute  of  Technology,  1933  ;  Phllco 
Corporation,  Philadelphia,  Pa. 

1943  .Armig  G.  Kandoian ;  Harvard  Uni¬ 
versity,  1934 :  International  Tele¬ 
phone  and  Telegraph  Company,  New 
York,  N.  Y. 

James  W.  McRae ;  University  of 
British  Columbia,  1933 ;  Bell  Tele¬ 
phone  Laboratories,  Inc.,  New  York, 


Television  Receiver  Symposium 


Eight  technical  papers  dealing  with 
television  receivers  are  scheduled 
for  presentation  Feb.  28, 1948  at  an 
all-day  symposium  sponsored  by  the 
IRE  New  YoHe  Section,  in  the  main 
auditorium  of  the  Engineering 
Societies  Building  in  New  York 
City. 

The  program  is  as  follows: 

10:00  a.m. — ^Television  Reoelvins  Anten¬ 
nas,  by  Andrew  Alford  of  Boston,  Maas. 
10:30  a.m. — Telerislon  Antenna  and  R-F 
Distribution  Systems  for  Apartment 
Houses,  by  Heins  Kallman  of  New  York 
City. 

11 :00  a.m. — ^Automatic  Frequency  Control 
of  Television  Sweep  Circuits,  by  B.  L. 
Clark  of  RCA  Victor. 


11 :30  a.m. — Standards  for  Testing  Televi¬ 
sion  Receivers,  by  D.  G.  Fink  of  Blkc- 
TRONICS. 

2 :00  p.m. — Intermediate  Frequencies  for 
Television  Receivers,  by  Paul  F.  O. 
Holst  of  Crosley  Division,  AVCO  Mfg. 
Co. 

2 :30  p.m. — I-F  Amplifiers  for  Intercarrier 
System  of  Sound  Reception,  by  S.  W. 
Seeley  of  RCA  Laboratories. 

3:00  p.m. — ^Television  Tuners,  by  Alarlco 
Valdettaro  of  Bloomington,  Ind. 

3  :30  p.m. — Standardisation  of  Transient 
Response  of  Television  Transmitters  and 
Receivers,  by  O.  L.  Fredendall  of  RCA 
Laboratories. 


1944  William  E.  Ingerson ;  Hardln-Slm- 
mons  University :  Bell  Telephone 
Laboratories,  Inc.,  Murray  Hill,  N.  J. 
Ernst  H.  Krause ;  University  of  Wis¬ 
consin,  1934  '  Naval  Research  Lab¬ 
oratory,  Washington,  D.  C. 

Donald  W.  Pugsley :  University  of 
Utah,  1935 ;  General  Electric  Com¬ 
pany,  Bridgeport,  Conn. 

1945  Wallace  A.  Depp;  University  of  Illi¬ 
nois,  1936  ;  Bell  Telephone  Labora¬ 
tories,  Ina,  New  York,  N.  Y. 

Jack  A.  Morton ;  Wayne  University, 

1935  ;  Bell  Telephone  Laboratories. 
Inc.,  New  York,  N.  Y. 

Edgar  A.  Post;  University  of  Illinois, 

1936  ;  United  Air  Lines.  Chicago,  III 

1946  Benjamin  B.  Bauer;  University  of 
Cincinnati,  1937  ;  Shure  Brothers. 
Inc.,  Chicago,  Ill. 

Albert  C.  Hall ;  Agricultural  and 
Mechanical  College  of  Texas,  1936; 
Massachusetts  Institute  of  Tech¬ 
nology,  Cambridge,  Mass. 

Donald  L.  Waldellch ;  Lehigh  Uni¬ 
versity,  1936 :  University  of  Mis¬ 
souri,  Columbia,  Mo. 

1947  Marvin  Camras  *  Illinois  Institute  of 
Technology,  1940;  Armour  Research 
Institute,  Chicago,  111. 

Jerome  B.  Wiesner;  University  of 
Michigan,  1937  :  Massachusetts  In¬ 
stitute  of  Technology,  Cambridge. 
Mass. 


Moderator  for  the  morning  ses¬ 
sion  is  Arthur  Loughren  of  Hazel- 
tine  Electronics  Corp.,  and  moder¬ 
ator  for  the  afternoon  session  is 
Murray  Crosby  of  Paul  Godley  Co. 


Eta  Kappa  Nu  Honors  Young  Electrical  Engineers 


Activities  in  the  field  of  electronics  ment.  The  name  of  each  award  win- 
appear  frequently  in  the  biograph-  ner  is  engraved  on  a  bronze  bowl 
ical  sketches  of  the  six  Eta  Kappa  displayed  in  AIEE  headquarters  in 
Nu  Recognition  Award  winners  and  New  York  City  and  each  winner  is 
the  fifteen  winners  of  honorable  given  a  miniature  replica  of  the 
mention.  Suspended  during  war  bowl.  Honorable  mention  winners 
years  because  security  regulations  received  certificates, 
prevented  divulging  the  work  of  Winners,  with  colleges  from 
many  candidates,  the  resumption  of  which  they  graduated  and  present 
awards  this  year  cites  one  outstand-  business  afiiliations,  are  as  follows : 
ing  young  engineer  and  a  number 
of  honorable  mentions  for  each  of 
the  years  1942  through  1947. 

Achievements  considered  in  mak¬ 
ing  the  selections  stress  cultural 
development  and  contributions  to 
community,  state,  and  national  wel¬ 
fare  as  well  as  professional  achieve- 


AIEE  Tube  Conference 

Need  for  tubes  having  longer  life 
and  closer  tolerances,  for  use  in 
electronic  instruments,  has  re¬ 
sulted  in  an  AIEE  tube  conference 
to  be  held  March  29  and  30  at  the 
Benjamin  Franklin  Hotel  in  Phila¬ 
delphia.  Instrument  and  tube  man¬ 
ufacturers,  as  well  as  engineers 
from  industrial,  commercial,  and 


RECOGNITION  AWARDS 

1942  John  R.  Pierce ;  California  Institute 
of  Technology,  1932 ;  Bell  Telephone 
Laboratories,  Inc.,  New  York,  N.  Y, 

1943  Nathan  I.  Hall;  West  Virginia  Uni¬ 
versity;  Hughes  Aircraft  Company, 
Culver  City,  Calif. 

1944  Richard  W.  Porter;  University  of 
Kansas,  1934  ;  General  Electric  Co.. 
Schenectady,  N.  Y. 


1947 

R.  R.  Houqh 


19H 

R.  W.  Porter 


1945 

J.  M.  WoHace 


IMl 

J.  R.  Piorco 


1946 

E.  M.  Williams 
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UHF 

DESIGN 


•  The  phenomena  encoimtered  in 
the  UHF  field  are  ixi  many  cases  so 
decidedly  different  from  those  true 
of  lower  frequencies  that  many 
manufacturers  find  themselves  in 
urgent  need  of  specialized  UHF 
knowledge,  in  order  to  develop 
equipment  that  will  handle  certain 
specific  conditions. 

•  Since  we  ore  specialists  in  UHF 
engineering,  we  are  equipped  not 
onl^  to  render  technical  advice, 
but  also  to  follow  through  in  the 
actual  production  of  equipment  in 
our  shops. 

•  If  you  are  contemplating  a  new 
product,  or  have  a  problem  invol¬ 
ving  ultra  high  frequency  with 
present  production,  our  special¬ 
ized  knowledge  should  be  inval¬ 
uable  for  quick,  accurate,  low  unit 
cost.  There  is  no  cost  or  obligation 
involved  in  talking  this  over. 


lADlO  ENGINEEB8  AND  MANUFACTUREK8 

MORGANVILLE,  N. 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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university  laboratories  will  con¬ 
vene,  AIEE  members  will  be  ad¬ 
mitted  free,  and  the  fee  for  non¬ 
members  is  $2.00.  Requests  for 
invitations  should  be  addressed  to 
C.  C.  Wilson,  AIEE  Headquarters, 
33  W.  39th  St.,  New  York  18,  N.  Y. 


MEETINGS 


FEB.  28:  IRE  Television  Receiver 
Symposium,  sponsored  by  New 
York  Section;  main  auditorium. 
Engineering  Societies  Bldg.,  tech¬ 
nical  papers  all  day,  starting  at 
10:00  a.m. 

MARCH  22-24:  Chicago  Technical 
Conference,  Stevens  Hotel;  meet¬ 
ings  and  exhibits;  sponsored  by 
51  societies,  including  IRE,  SMPE, 
and  AIEE. 

MARCH  22-25:  IRE  Convention  and 
Radio  Engineering  Showr,  Hotel 
Commodore  and  Grand  Central 
Palace,  New  York  City. 

MARCH  29-.50r  AIEE  conference 
on  electron  tubes  for  instrumenta¬ 
tion  and  industry,  Benjamin 
Franklin  Hotel.  Philadelphia,  Pa. 

APRIL  1-3:  AIEE  Great  Lakes  Dis¬ 
trict  Meeting,  Des  Moines,  Iowa. 

APRIL  7-9;  Midwest  Power  Con¬ 
ference,  ^eraton  Hotel,  Chicago. 
Illinois.  Three  papers  on  super¬ 
visory  control  and  telemetering  at 
2  p.m.  April  9. 

APRIL  17:  IRE  Engineering  Con¬ 
ference,  Chicago  Swtion,  Illinois 
Institute  of  Technology,  Chicago. 

APRIL  24:  Spring  Technical  Con¬ 
ference  of  IRE  Cincinnati  Sec¬ 
tion,  featuring  television  papers,  at 
Engineering  Society  Headquarters. 


\PRIL  26-28:  IRE-RMA  spring 
meeting  on  transmitters,  Syracuse 
Hotel,  Syracuse,  N.  Y. 

APRIL  28-30:  AIEE  North  Eastern 
District  Meeting,  New  Haven, 
Conn. 

MAY  3-5:  URSI-IRE  joint  meeting, 
Washington,  D.  C. 

■MAY  9-14:  1948  Radio  Parts  Show, 
Hotel  Stevans,  Chicago. 

MAY  11-16:  Engineering  Progress 
.Show,  Franklin  Institute,  Philadel¬ 
phia,  Pa.:  exhibits  and  two  eve¬ 
ning  lectures. 

JUNE  21-25:  AIEE  Summer  Gen¬ 
eral  Meeting,  Mexico  ('.ity,  Mexico. 

AUG.  24-27:  AIEE  Pacific  General 
Meeting,  Spokane,  Wash. 

SEPT.  13-17:  Third  Instrument  Con¬ 
ference  and  Exhibit.  Convention 
Hall,  Philadelphia,  Pa. 

SEPT.  27-Oct.  2:  Third  National 
Plastics  Exposition,  Grand  Cen¬ 
tral  Palace,  New  York  City. 

SEPT.  30-Oct.  2:  Pacific  Electronic 
Exhibition  and  IRE  west  coast 
Annual  Convention,  Biltmore  Ho¬ 
tel,  Los  Angeles,  Calif. 

OCT.  5-7 :  AIEE  Middle  Eastern  Dis¬ 
trict  Meeting,  W'ashington,  D.  ('. 

OCT,  11-12:  FM  Association  Second 
Annual  Convention,  Sheraton 
Hotel,  Chicago. 


Chicago  Scientific  Center 


The  Western  Society  of  Engineers 
has  signed  an  agreement  with  the 
John  Crerar  Library  in  Chicago, 
leasing  thre’e  floors  in  the  Taylor 
building,  which  adjoins  the  Li¬ 
brary,  and  e.stablivshing  a  science 
and  technical  center  for  the  u.se  of 
professional  persons,  students,  and 
others  interested  in  the  advance¬ 
ment  of  science.  Included  in  the 
center  is  an  auditorium  seating 
300. 

The  Western  Society’s  20,000- 
book  collection  is  being  coordinated 
with  the  700,000-volume  Crerar  Li¬ 
brary,  largest  free  public  library 
in  the  world  devoted  exclusively 
to  science  and  technology. 

Development  of  the  new  science 
center  will  cost  the  engineering  so¬ 
ciety  about  $100,000. 


companying  clock-face  diagram. 

These  time  signals  are  now 
broadcast  continuously  day  and 
night  on  all  of  the  eight  carrier  fre¬ 
quencies  in  use:  2.5,  5,  10,  15,  20, 
25,  30,  and  35  me.  A  440-cycle 
audio  tone  is  transmitted  on  2.5,  5, 
and  30  me  along  with  pulses  at  in¬ 
tervals  of  precisely  one  second. 
Both  440  and  4,000  cycle  tones  are 
transmitted  on  10, 15,  20,  and  25  me 
along  with  the  time  ticks.  Further 
details  of  WWV  broadcast  services 
are  given  in  bulletin  LC886,  avail¬ 
able  on  request  from  the  National 
Bureau  of  Standards,  Washington 
25,  D.  C. 


1947).  With  the  new  system  the 
audio  frequencies  are  interrupted 
at  precisely  one  minute  before  each 
hour  and  at  each  succeeding  five- 
minute  period,  and  are  resumed  pre¬ 
cisely  on  the  hour  and  each  five 
minutes  thereafter.  The  time  an¬ 
nouncement,  in  International  Morse 
Code,  refers  to  the  end  of  the  an¬ 
nouncement  interval  (the  instant 
when  the  audio  tone  frequencies  are 
resumed),  as  indicated  by  the  ac- 


New  WWV  Schedules 


Effective  Jan.  30,  1948,  time  an¬ 
nouncements  from  radio  station 
WWV  of  the  National  Bureau  of 
Standards  were  advanced  one 
minute  with  respect  to  the  former 
announcement  scheme  (see  WWV 
Schedules,  Electronics,  p  87,  May 


FOLLOWCD  tY  VCRCC  ANMOUNCCMCMT 


Other  Time  Signal  Services 


The  Naval  Observatory,  U.  S. 
Navy  Department,  broadcasts  time 
signals  at  regular  intervals  on  the 
following  frequencies:  NSS  (An¬ 
napolis,  Md.) — 122,  4,390,  9,425, 
and  12,630  kc;  NPG  (Mare  Island, 
Calif.)— 115,  9,255, 12,540  kc ;  NPM 
(Pearl  Harbor,  Hawaii) — 16.68,  56, 
4,525,  9,050, 13,575,  17,370  kc;  NBA 
(Balboa,  Canal  Zone) — 148,  5,005, 
11,080  kc.  Detailed  information 


FOLLOWen  tY  VOKX  ANNOUNCeMCNT 


Example  illustrating  nsw  schedule  oi  time  announcements  by  station  WWV.  Hour 
illustrated  is  1  to  2  p.  m..  or  1300  to  1400  in  24-hour  'time  ior  Eastern  Standard  Tinw 


(continued  on  p 
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Federal  Selenium  Rectifier  Equipments 


Here'S  FEDERAL'S  line  of  standard  D-C 
Power  Supplies  which  offer  you  a  conve¬ 
nient,  econonucal  and  always  dependable 
source  of  direct  current  for  a  wide  range  of 
industrial  and  laboratory  applications. 

These  attractively  styled,  compact  and 
efficient  units  are  completely  self  contained 
—ready  to  connect  to  your  a-c  power  supply 
—ready  to  supply  d-c  power  wherever  and 
whenever  you  want  it.  Because  they  are 
powered  by  Federal's  long-life  Selenium 
Rectifiers,  their  service  life  is  practically 
unlimited — with  no  expendable  parts  which 
require  frequent  replacement.  These  equip¬ 
ments  are  conservatively  rated,  using  the 
new  heavy-duty  stacks  which  assure  a  wide 
margin  of  safety  to  withstand  momentary 
heavy  overloads. 

For  complete  information  on  these  new 
d-c  power  supplies,  write  to  Federal  today 
—Dept.  E  313. 


Available  for 

IMMEDIATE  DELimY 


1  FTR  3300-DS 


2  FTR3333-BS 


3  FTR3128-BS 


4  FTR3341-AS 


5  FTR3246-BS 


6  rrR  1342-AS 


D'C  Output — 3-32  volts,  50  amparM 
A-C  Input — 115  volts,  1 -phase,  60  cycles 

D-C  Output — 6-24  volts,  18  amperes 

A-C  Input— 115/230  volts,  1-phaae,  50/60 

cycles 

D-C  Output — 22-30  volts,  10  amperes  (fil¬ 
tered  and  regulated) 

A-C  Input — 115  volts,  1 -phase,  60  cycles 

D-C  Output — 28  volts,  5  amperes 

A-C  Input — 1 15  volts,  1-phase,  50/60  cycles 

D-C  Output — 6  volts,  10  amperes  (filtered) 
A-C  Input — 115  volts,  1-phase,  60  cycles 

D-C  Output — 6  volts,  4  amperes  (  3  cells  6-3 
amperes) 

A-C  Input — 1 15  volts,  1-phase,  50/60  cycles 


federal  Telephone  and  Radio  Corporation 


KtgPiSM  rXOtllAL  VKAM  ANKAO...it  ITAT's  world-wide 
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TUtES  AT  WORK 

(cenHniMd  from  ^  134) 

the  same  method,  with  printer  light 
values  and  values  of  gamma  of  the 
negatives  only  a  small  amount 
greater  or  smaller  than  those  previ¬ 
ously  found  most  satisfactory. 


High'Frequency  Crystal 
Voltmeter 

By  B.  F.  Tyson 

Hazeltin«  Electronics  Corporation 

Little  Seek,  S.  Y. 

A  CRYSTAL  voltmeter  is  useful  in 
measuring  the  gain  and  response 
characteristics  of  the  r-f  and  i-f 
circuits  in  f-m  and  television  re¬ 
ceivers.  Such  an  instrument  is 
physically  small,  and  when  built  in 
probe  form  can  be  easily  connected 
to  the  point  of  measurement.  In¬ 
herently,  it  has  high  sensitivity  and 
when  used  with  a  10-microampere 
meter  will  indicate  r-f  voltages  as 
low  as  0.05  volt. 

The  voltmeter  described  here 
uses  a  type  1N28  crystal  rectifier 
connected  as  shown  in  the  circuit 
diagram  of  Fig.  1.  Other  crystals 
such  as  types  1N21  or  1N26  can 
also  be  used.  On  the  input  side, 
load  resistor  Ri  and  a  ceramic  d-c 
blocking  capacitor  C,  are  built  into 
the  probe.  On  the  output  side,  the 
r-f  components  of  the  rectified  cur¬ 
rent  are  bypassed  to  ground 
through  a  button  mica  capacitor  C, 
and  the  direct  current  to  the  micro¬ 
ammeter  is  filtered  by  resistor  R.. 
and  a  button  mica  capacitor  C«. 

The  physical  arrangement  of  the 
various  parts  is  shown  in  the  cross- 
section  assembly  view  of  Fig.  2. 
The  smaller  diameter  half  of  the 
probe  has  the  ground  and  high 
potential  input  tabs  and  contains 
the  blocking  capacitor  and  load  re¬ 
sistor.  The  shielded  microammeter 
lead  is  brought  out  of  the  other  half 
which  houses  the  button-type  by¬ 
pass  and  filter  capacitors  and  the 
filter  resistor.  Note  that  the  large 
end  of  cylinder  B  is  made  to  slide 
fit  into  cylinder  A  and  a  clip  from 


10  4  4a/t»«p. 


20  tfapt,  2  4b/tf*p. 
linear  attenuation  with 
off  peiHien  an4  detent. 
2%"  diameter,  214" 


POTENnOMETa 

Typo  C720-2A3 

20  steps,  2  db/step. 


SHALLCROSS 

ATTENUATORS 


These  Shallcrots  Features 
Mean  Better  Performance — 
Better  Value! 


Skollcrets  variobit  attemiatort  host  provtd 
riteir  remarkable  qaietness  and  serrice- 
ability  in  doxem  of  applkatieiit  fer  lead¬ 
ing  users  in  all  parts  of  the  world.  Such 
important  details  as  the  use  of  spring- 
temper  silver  alloy  wiper  arms,  silver  all^ 
collector  rings  and  contacts,  non-inductive 
precision  resistors,  and  sturdy,  substantiol 
mounting  plates  have  made  possAle  the 
high  standard  of  performance  attributed 
to  Shallcross. 

Standard  types  include  ladder  and  bridged 
T  mixer  controls,  bridged  T  and  straight  T 
master  gain  controb  and  V.U.  meter  multi¬ 
pliers,  wirewound  and  composition  potenti¬ 
ometers  for  grid  coatrol.  Cueing  attenua¬ 
tors,  and  fixed  la^  both  composition  and 
wirewound,  in  all  ebeoit  configurations  arc 
a  he  nvailabb. 

Write  for  Catalog  and  Ationuator  Speerffeatfen  Sfcaot 


Off  position  ottenuotion  well  in  excess 
of  100  db. 

25%  to  50%  fewer  soldered  joints. 

Noise  level  ratings  that  are  factual. 
(130  db.  or  more  below  zero  level.) 

Non-inductive  Shollcross  preebion  re¬ 
sistors  used  throughout  assure  flat  at¬ 
tenuation  to  and  beyond  30  kc. 

Types  and  sizes  engineered  for  all 
needs.  Attenuation  accuracies  of  1%, 
Resistor  occuracies  of  0.1%,  on  spe¬ 
cial  order. 


lOOuti^  1^28  1,000 


SHALLCROSS  M AN U FACTU R INO  COMPANY 

Department  E-3t,  Cellinfdale,  fa. 


FIG.  1 — Circuit  diagrcDn  ol  crystal  volt¬ 
meter 
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The  big  advantage  of  General  Plate 
Laminated  Silver  metals  and  contaas 
is  that  they  give  you  solid  silver  per¬ 
formance  at  a  fraction  of  the  cost  of 
solid  silver.  Why  —  because  General 
Plate  permanently  bonds  a  thin  layer  of 
silver  to  suitable  inexpensive  base  meAl, 
thus  providing  a  contact  face  of  high 
electrical  conductivity  at  the  point  of 
actual  contact. 

General  Plate  Laminated  silver  metals, 
for  your  own  fabrication,  are  available 


with  silver  bonded  to  base  metal  in  the 
following  stock  . . .  overlay,  single  or 
double  inlay  and  single ordoubleedgelay. 

General  Plate  contacts  and  fabricated 
parts  are  made  to  customers  specifi¬ 
cations.  Laminated  contaa  bunons, 
rivets  and  screw  type  conuas  are  also 
available.  Advantages  include  —  long 
contact  life,  greater  strength,  easier  fabri¬ 
cation,  and  easier  soldering,  brazing  or 
spot  welding. 

Write,  specifying  your  problems. 

OENERAI.  PLATE  DIVISION 

of  Metals  &  Controls  Corporation 

ATTLEBORO,  MASSACHUSETTS 

50  Church  St.,  New  York,  N.  Y.;  205  W.  Wacker  Drive,  Chicago,  III.;  36  Eastern  Avenue,  Pasadena,  Calif. 
electronics  — Mofcli,  1949 
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an  octal  socket  is  soldered  to  the  end 
of  the  100-/n/tf  Ceramicon  capacitor 
to  receive  the  contact  of  the  crystal. 
The  larger,  probe  epd  of  the  crystal 
is  held  firmly  by  a  finger  contactor. 
Thus,  the  entire  probe  is  separable 
near  its  center  for  easy  insertion  of 
the  crystal  cartridge. 

Fig.  3  is  a  typical  calibration 
curve  of  the  crystal  voltmeter  using 
a  1N28  crystal.  Measured  charac¬ 
teristics  of  several  1N28  crystals 
indicate  that  their  sensitivities  are 
in  the  order  of  700  to  1,200  micro¬ 
amperes  per  volt  squared  and  that 
they  have  square-low  input-output 
characteristics  only  for  inputs  up 
to  approximately  0.1  volt.  The  com¬ 
pact  construction  of  the  probe, 

I  minimizes  lead  inductances  and 
stray  capacitances,  and  the  low 
value  of  load  resistance,  270  ohms, 
serve  to  maintain  an  input-output 
characteristic  substantially  inde¬ 
pendent  of  frequency  from  50  me  to 
at  least  250  me.  At  frequencies  be¬ 
low  50  me,  the  response  falls  off 
gradually. 

The  crystal  voltmeter  has  been 
checked  for  susceptibility  to  burn¬ 
out.  Peak  surges  of  500  volts  d-c  or 
130  volts,  60-cycle  a-c  have  shown 
no  effect  on  the  calibration.  Like¬ 
wise,  it  has  been  determined  that 
the  crystal  can  withstand  r-f  volt¬ 
ages  to  produce  approximately  1  ma 
of  direct  current,  without  effect  on 
calibration.  Higher  r-f  voltages, 
or  mechanical  shocks  may,  of 
course,  cause  a  change  in  calibra¬ 
tion  or  permanent  damage. 

The  crystal  voltmeter  is  intended 
for  observation  of  r-f  voltage  across 
low  impedances  such  as  the  output 
terminals  of  a  signal  generator  or 


FIG.  2 — Crystal  probe  assembly  consists  oi 
two  cylinders  machined  so  the  end  oi  ont 
slides  inside  the  other  for  rapid  replact- 
ment  of  crystal  cartridge 


In  ths  Switcti  Gssr  power  installation  shown  here  the 
bus  bars,  etc.,  have  been  given  a  tight  wrap  of  No.  33 
"SCOTCH"  Electrical  Tape  with  Vinyl  Plastic  Backing. 
Notice  how  this  strong,  stretchy  tape  follows  all  con¬ 
tours  and  provides  a  continuous,  impervious  sheath. 


ARE  YOU  TAKING  ADVANTAGE 
OF  THIS  BRAND  NEW  TIME  SAVER 
for  Insulating  and  Protecting 
Electrical  Installations? 


One  Tape,  No.  33  "SCOTCH"  Bectrical  TAPE  with  Vinyl  Plastic 
Backing,  and  one  operation,  replace  two  tapes,  rubber  and  friction, 
and  two  application  operations. 

The  thin  caliper  of  No.  33  "SCOTCH"  Electrical  TAPE  makes  possible 
a  neat,  tight  wrap  that  takes  up  minimum  room,  and  insures  a  snug 
job  that  will  stay  that  way  and  render  full  electrical  protection; 
remain  oil  tight  and  moisture  tight. 

No.  33  "SCOTCH"  Electrical  TAPE  will  not  soften  or  crack  even  when 
exposed  to  oil,  acids,  alkalies.  Superior  outdoor  aging  qualities  pre¬ 
vent  cracking  and  checking. 

Used  for  wrapping  wire  harnesses  on  a  Segur  Taper,  No.  33 
"SCOTCH"  TAPE  goes  on  at  high  speed,  makes  a  snug  flexible 
harness.  Can  be  applied  in  an  open  spiral  or  in  an  oil  proof,  moisture 
proof  sheath. 

All  this,  of  course,  cuts  maintenance  costs  and  saves  a  lot  of  money. 
Write  today  for  a  sample  roll  and  complete  information.  * 


No.  33  SC^H<!^<^^APE 

ANOTHER  PRODUCT 

Mad*  in  U.  S.  A.  by  t 

MINNESOTA  MINING  A  MFG.  CO. 

SAINT  PAUL  6,  MINN.  ^ 
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special  Transformers,  Coils,  Saturable-Core  Reactors 
and  Servo-Mechanism  Assemblies 


210  East  40fh  Street,  New  York  16,  N  Y. 
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Swoger  Double  End  Split  Short 
Lugs 


Tvftct  Terminal  Coil 
Board 


CT.C  Custom-Engineers 
The  Solution  To 


Feeding  an  R.  F.  potential  through  the  wall  of 
a  cavity  oscillator  presented  many 
difficulties.  Not  only  was  space  at  a  jNremium, 
but  extreme  changes 
in  humidity,  temper- 
ature  and  other  service 
conditions  had  to 

-  THE  ANSWER 

C.T.C.  1795B  Insulated 
Feed-Thru  Terminals 
S  fulfilled  every  require- 
^  ~  ment.  Design-Features 

like  these  show  you  why: 
Riigged  construction  that 
withstands  loosening 
under  vibration  or  shock 

material,  JAN 
type  LTS-E-J^  . . .  6rcw« 
bushings,  cadmium 
plated  .  .  .  brass  thrur 
terminals,  silver  plated  for 
•  easy  soldering. 

SPECIFICATIONS 

The  1795B  mounts  in  a  hole,  and  has  an 
over-all  length  of  approximately  C.T.C. 
Feed-Thru  Terminals  are  available  in  addi¬ 
tional  sizes.  The  1795A  is  similar  to  the 
1795B,  but  with  an  over-all  length  of  1*'.  Also 
similar  in  design  and  function  are  X1771A 
and  X1771B,  but  larger  in  size  and  mounting 
in  a  hole.  Breakdown  voltages,  at  60 
cycles  R.M.S.,  are: 

1795A  . . .  3800V  X1771A  . . .  8200V 

1795B  . . .  3200V  X1771B  . . .  6000V 

Catalog  No.  200  contains  details  of  C.T.C; 
standard  electric  and  electronic  components, 
together  with  full  information  on  our  custom¬ 
engineering  service.  Write  for  it  today. 


Visit  us 
at  Booth  222 
IRE  National 
Convention, 

March  22-25, 
Grand  Central 
Palace,  New  York 


FIG.  3 — Typical  calibration  curvo  of  the 
crystal  Toltmeter  using  a  1N28  crystal 


a  low-resistance  plate  load  of  an 
amplifier  tube.  Care  should  be  ex¬ 
ercised  in  connecting  the  probe  for 
high  radio-frequency  measure¬ 
ments  to  avoid  excessive  lead  length 
and  the  addition  of  stray  capaci¬ 
tance.  When  making  measurements 
at  low  frequencies,  say  below  50  me, 
it  should  be  remembered  that  the 
100-ppf  d-c  blocking  capacitor  has 
appreciable  series  reactance.  It 
will  be  observed  that  the  action  of 
the  microameter  needle  is  somewhat 
sluggish  due  to  damping  by  the 
crystal  resistance.  A  short  time 
should  therefore  be  allowed  for  the 
needle  to  come  to  rest  before  read¬ 
ing  the  meter. 


X-Ray  Thickness  Gage 

Gaging  without  physical  contact 
with  the  material  under  test,  and 
access  to  areas  never  before  gaged, 
are  features  of  a  new  x-ray  tech¬ 
nique  that  consists  of  irradiating 
the  material  and  measuring  the 
drop  in  intensity  through  that 
material.  Designed  by  Westing- 
house  engineer  W.  N.  Lundahl  for 
measuring  the  thickness  of  cold- 
rolled  steel  sheet  and  cold-rolled 
copper,  the  instrument  should  also 
prove  applicable  for  use  on  hot 
materials  like  metal  and  glass  sheet, 
and  fragile  materials  like  foil  and 
paper.  Readings  are  unaffected  by 
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THE  H.  A.  WILSON  COMPANY 

105  CHESTNUT  STREET,  NEWARK  5,  NEW  JERSEY 
Branch  Offices  Chico  go,  Detroit  Los  Angeles,  Providence 


SPECIALISTS  FOR  34  YEARS  IN  THE  MANUFACTURE  OF  THERMOMETAIS  •  ELECTRICAL 
CONTACTS  •  PRECIOUS  METAL  BIMETAIJC  PRODUCTS  AND  SPECIAL  ALLOTS 


Clearly  etched  markings  on  each  strip  of  Wilco  Thermometal  prevent  confusion 
of  high  with  low  expanding  side...  positively  identify  the  type  of  metal  as  well. 
Another  achievement  by  a  leading  pioneer  in  thermostatic  bimetal  developments. 

LOOK  at  this  strip  of  WILCO  “Morflex." 

Its  dearly  etched  characters  instantly  identify 
the  low  expanding  side  of  the  thermometal. 

For  only  the  low  expanding  side  shows 
these  markings.  (The  high  expanding  side  is 
left  unmarked.) 

STUDY  this  thermometal  strip  more  closely, 
and  you  will  note  a  second  safeguard 
against  confusing  it  with  the  high  expanding 
side  .  .  .  the  frequent  repetition  of  "LE”, 
signifying  low  expansion. 

NOTE,  too,  the  frequently*  repeated  abbre¬ 
viation,  "MORF",  indicating  "Morflex",  the 
Wilco  thermometal  for  devices  or  instruments 
requiring  extremely  high  sensitivity  from  50° 
to  350°  F.  Also  the  Wilco  trademark  dis¬ 
played  at  various  points  to  remind  you  that 
"Morflex"  is  a  product  of  the  H.  A.  Wilson  Co., 
pioneer  in  the  thermostatic  bimetal  field. 

HERE  are  further  examples  that  show  the 


consistency  with  which  Wiko  carries  this 
dear-cut  method  of  identiflcation  throughout 
the  entire  line  of  29  Wiko  Thermometals, 
precluding  any  possibility  of  mistaking  one 
type  for  another. 

Another  Wilco  pioneering  achievement 

The  H.  A.  Wilson  Company  is  an  Amerkan 
pioneer  in  the  design  and  development  of 
thermostatk  bimetals.  WILCO  supplies  these 
materials  as  sheet  or  strip,  in  partly  or  com¬ 
pletely  fabrkated  form,  and  as  parts  of 
assemblies  for  thousands  of  appikations. 
All  temperature  ranges,  deflection  rates  and 
electrkal  resistivities. 

Now  Wiko — which  for  34  years  has  majored 
in  the  development  and  widespread  appli¬ 
cation  of  thermostatic  bimetals — pioneers 
again  with  an  etching  process  that  will 
help  to  make  these  Wiko  products  more  than 
ever  precision  products. 


tLECTXONICS  — M«fefc.  19U 


COMRUUTOR 


AMPLIFIER 


you  design  equipment  with  variable  ele- 
ments  you  naturally  want  to  provide  those 
elements  with  fingertip  control.  This  means,  control 


,>RAY  TUBE 


TAKE-UP 

REEL 


Its  260  pages  have  facts  and  information 
about  flexible  shafts  and  their  application. 
Just  ask  for  it  on  your  business  letterhead 
and  mention  your  position. 


TUBES  AT  WORK  (continued) 

fluttering  of  the  sheet,  surface  coat¬ 
ings  like  lacquer,  or  atmospheres 
heavy  with  steam,  water,  or  palm 
oil. 

The  gage  consists  of  two  x-ray 
sources  and  one  phototube  pickup. 
Relative  to  the  two  x-ray  sources, 
the  pickup  is  actually  at  the  apex  of 
a  right  angle  but  is  illustrated  for 
simplicity  in  Fig.  1  as  being  aligned 
vertically  with  the  two  x-ray 
sources.  Radiation  from  the  lower 
source  is  directed  up  through  the 
sheet  being  gaged  so  that  the  trans¬ 
mitted  rays  will  strike  the  pickup. 
Rays  from  the  upper  source  are  di¬ 
rected  horizontally  through  a 


FIMCEKTIP  COMTUOL 
FOR  VAMABU  ELEAIENTS 
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rnar  is  located  at  the  operator  s  fingertips,  and  con¬ 
trol  that  is  so  smooth  and  effortless  it  can  be  oper¬ 
ated  with  the  fingertips. 

With  S.S. White  flexible  shafts  of  the  type  specially 
designed  for  this  service,  you  can  satisfy  both  re¬ 
quirements.  A  typical  example  is  illustrated.  It's 
a  top  view,  with  cover  removed,  of  the  accessory 
taMe  of  a  costly,  intricate  dental  unit.  For  reasons 
of  assembly  and  wiring,  the  designer  wanted  the 
rotary  switch  in  the  position  shown.  And  he  wanted 
the  control  knob  where  it  is,  because  that  was  the 
most  desirable  location  for  operation.  Placing  them 
in  these  positions  created  no  problem — thanks  to  the 
flexible  shaft.  Consider  the  picture  for  a  moment 
and  you  can  appreciate  that  this  use  of  flexible 
shafts  to  couple  variable  elements  and  their  controls, 
removes  practically  all  restrictions  as  to  location 
and  gives  greater  freedom  in  design. 

SEND  FOR  THIS  FLEXIBLE  SHAFT  HANDBOOK 


TNi  S.  S.  WMITB  DINTAl  MPO.  Ca 


INDUSTRIAL 


DIVISION 


- DIRT.  I  l.»  BAST  «Oth  ST..  NIW  YORK  I*.  N.  r._ 

PUIIMI  tMAm  •  FUXIMI  SNAFV  f09U  •  AWCtAFf  ACCIftOtItS 
SHAU  CWTVINR  AM  •eiNRlBtO  tOORS  •  SFtCIAT  FOBIMHA  lUMIM 
rnoKMm  wnmam  •  fiashc  MciAtim  •  cobhiacv  fiasho  molbrie 


FIG.  1 — Simplified  schematic  showing  ar¬ 
rangement  of  units  so  that  two  x-ray  beami 
strike  the  phototube  pickup  lor  comparison 

standard  sample  of  correct  thick¬ 
ness  to  the  same  pickup.  Radiations 
are  emitted  180  degrees  out  of 
phase  so  that  the  rays  alternate  in 
striking  the  pickup  and  are  com¬ 
pared  in  intensity  after  a  large  part 
of  their  radiation  has  been  absorbed 
in  the  standard  sample  or  test  sheet. 

Difference  in  the  intensities  of 
the  rays  is  registered  on  the  indi¬ 
cator  instrument.  At  full  deflection 
of  the  indicator  needle  a  red  light 
on  the  instrument  goes  on  and  a 
throw-out  or  other  mechanism  is 
actuated  through  electronic  cir¬ 
cuits. 

Measures  Glass  Thickness 

Equipment  has  recently  been  con¬ 
structed  for  measuring  the  wall 
thickness  of  glass  containers.  In 
this  system,  the  pickup  is  inserted 
within  the  container  as  shown  in 
Fig.  2.  It  consists  of  a  brass  tube 
with  one  end  opening  to  a  housing 
containing  the  phototube  and  the 
other  end  cut  on  a  60-degree  angle 
axially  with  respect  to  the  tube. 
This  diagonal  cut  has  a  fluorescent 
.screen  mounted  in  its  plane.  Thus 
the  phototube  looks  down  through 
the  tube  at  the  fluorescent  screen. 

A  mechanical  system  brings  the 
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AND  THE  SECRET  IS  SCINFLEX! 

Beadix'Scintilla*  Electrical  Connectors  are  precision-built  to 
render  peak  efficiency  day-in  and  day-out  even  under  difficult 
operating  conditions.  The  use  of  “Sdnflex”  dielectric  material, 
a  new  Bendix-Sdntilla  development  of  outstanding  stability, 
makes  them  vibration-proof,  moisture-proof,  pressure-tight, 
and  increases  flashover  and  creepage  distances.  In  temperature 
extremes,  fix>m  —67“  F.  to  -|-300“  F.,  performance  is  remark¬ 
able.  Dielectric  strength  is  never  less  than  300  volts  per  miL 

The  contacts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  the  industry. 
Bendix-Scintilla  Connectors  have  fewer  parts  than  any  other 
connector  on  the  market — an  exclusive  feature  that  means 
lower  maintenance  cost  and  better  performance. 

*NKa.  U.S.  PAT.  OFF. 

Write  omr  Sates  Department  for  detailed  h^ormatkm. 

•  Meistwre-preef,  Pratswra-NgM  •  Rodle  QuM  •  Single  piece  InserH 
e  Vibretien-preef  e  Light  Weight  e  High  Arc  Reeietnnce  e 
iney  Accemhly  end  Dteassemhly  e  lets  parts  then  any  ether  Cennecter 

Available  in  all  SUmdard  AN.  Camtact  Cm^garatims 
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I  FIG.  2 — A  method  of  using  the  xeoy  gage 
I  for  meosurlag  the  thickness  of  a  ^oss 
bottle 


glass  container  up  around  the  pick¬ 
up  tube,  rotating  the  bottle  at  the 
same  time.  Thus  a  point  on  the  con¬ 
tainer  describes  a ,  helix  and  the 
bottle  wall  is  effectively  scanned. 
If  the  wall  thickness  at  any  point  is 
less  than  a  predetermined  minimum 
value,  the  gaging  circuits  operate 
to  discard  the  defective  container. 

The  phototube  pickup  consists  of 
a  photomultiplier  surrounded  by  a 
fluorescent  screen  and  enclosed  in  a 
light-proof  cover.  Absorption  of 
x-radiation  in  the  fluorescent  screen 
excites  the  compound  of  the  screen 
to  visible  luminescence  which  is 
picked  up  by  the  phototube  and  con¬ 
verted  into  current  pulses.  The 
latter  vary  in  amplitude  according 
to  the  thickness  of  the  material. 

Gage  Circuits 

The  gage  circuit  (see  Fig.  3) 
consists  essentially  of  a  6SJ7  ampli¬ 
fier,  a  6H6  clipper  and  base  line 
restorer,  a  6AC7  saw-tooth  con¬ 
verter,  and  a  pair  of  6AG7’s  used  in 
a  comparator  circuit.  A  6AC7 
photomultiplier  stabilizer,  a  6AC!7 
amplifier  for  a  cathode-ray  indica¬ 
tor,  and  a  6H6  duplex  diode  rectifier 
for  a  bias  supply  are  also  located  in 
the  gage  chassis. 

The  output  signal  obtained  from 
the  anode  of  the  931A  photomulti¬ 
plier  is  applied  to  the  control  grid 
of  the  6SJ7  through  conventional 
capacitive  coupling.  The  photo¬ 
multiplier  anode  is  maintained  ap¬ 
proximately  266  volts  d-c  above 
ground  through  1.6  megohms  re¬ 
sistance  from  the  power  supply  of 
the  gage  circuit.  The  amplified 
signal  from  the  6SJ7  is  then  ap¬ 
plied  to  the  6H6  clipper.  The  anode 
of  this  clipper  is  maintained  at  a 
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MAKERS  OF  STEATITE,  TITANIA.  ZIRCON  PORCELAIN 
ALUMINA.  LIGHT  DUTY  REFRACTORIES. 
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TUBES  AT  WORK  (continued) 

negative  potential  with  respect  to 
the  cathode.  Thus,  a  positive  pulse 
for  the  6SJ7  will  not  be  conducted 
across  4;he  6H6  unless  the  pulse 
amplitude  overcomes  the  bias  be¬ 
tween  the  elements  on  the  clipper. 
Thus,  by  varying  this  d-c  bias,  the 
amplitude  of  the  pulse  as  it  may  be 
applied  to  the  next  stage  can  be  con¬ 
trolled. 

The  action  of  this  tube  also  pro¬ 
tects  the  indicating  instrument  in 
the  event  of  thickness  differentials 


FIG.  3 — Vciluos  of  components  cmd  staqM 
of  the  gaginq  circuit.  The  6AC7  stabllixM 
the  931 A  photomultiplier 

greater  .than  150  percent  or  com¬ 
plete  removal  of  the  test  sheet.  In 
either  event  one  pulse  becomes  too 
small  to  pass  the  diode,  and  thus  the 
pulse  differential  on  the  comparator 
is  no  longer  proportional  to  the 
actual  thickness  difference.  The 
indicating  instrument  will  conse¬ 
quently  never  be  subjected  to  much 
more  than  150  percent  of  rated  cur¬ 
rent. 

The  cathode  of  the  6H6  clipper  is 
coupled  to  the  control  grid  of  the 
following  6AC7,  which  is  a  saw¬ 
tooth  converter.  This  stage  in 
effect  adds  area  to  the  pulses.  This 
effect  is  accomplished  by  shunting 
the  tube  with  a  l-/if  capacitor. 

The  control  grids  of  the  two 
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Pictured,  twice  actual  size,  are  three  of  the  smallest  air  variables  ever  produced.  Each 
of  the  three  types  is  available  in  four  different  capacities. 


Takes  the  place  of  adjustable  padders  for  trimming  RF  and  IF  oscillator  circuits.  Available 
in  four  models:  1.55  to  5.14  mmf,  1.73  to  8.69  mmf,  2.15  to  14.58  mmf  and  2.6  to 
19.7  mmf. 


For  switching  capacity  from  rotor  to  either  of  two  stators,  and  for  shifting  tap  on  capacity 
divider.  Available  in  four  models:  1.84  to  5.58  mmf,  1.98  to  9.30  mmf,  2.32  to  14.82 
mmf  and  2.67  to  19.30  mmf. 


Applicable  wherever  a  small  split  stator  tuning  condenser  is  required.  Available  in  four 
models:  1 .72  to  3.30  mmf,  2.10  to  5.27  mmf,  2.72  to  8.50  mmf,  and  3.20  to  1 1 .02  mmf. 


1.  Single  hole  mounting.  Hats  on  mounting 
bushing  to  prevent  turning. 

2.  Beryllium  copper  contact  spring. 

3.  Split  sleeve  rotor  bearings  —  no  wobble  to 
shaft. 

4.  Steatite  end  frames. 


5.  Long  creepage  paths  provided.  9.  Other  capacities  avai 

For  Full  Details  Write  For  Latost  JOHNSON  Catalog 


6.  Improved  stator  terminals  provide  dual  low 
inductance  path  to  both  stator  supports, 
eliminates  possibility  of  loosening  plates 
when  soldering,  avoids  bending  stresses  on 
stator  supports  caused  by  wiring. 

7.  Low  minimum  capacity  —  maximum  tuning 
range. 

8.  Voltage  breakdown  750  V.  R.M.S.  at  2.0 
me  —  .01 7  spacing. 

9.  Other  capacities  available  on  special  order. 
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TRANSFORN\tRS 


ELEaRICOIL  TRANSFORMER  COMPANY  has  special- 
ized  since  1936  in  the  design  and  manufacture  of 
high  quality  custom-built  and  standard  industrial  trans¬ 
formers,  reactors  and  coils,  of  any  size,  for  any 
application. 

Electricoil  transformers  include  units  from  one 
volt  to  100,000  volts,  or  over,  whether  at  few  milli- 
amperes  or  at  thousands  of  amperes.  This  specialty 
line  of  transformers  is  designed  for  heating,  testing, 
x-ray,  rectifiers,  signalling,  transmitting,  television  and 
other  applications. 

For  high  quality  transformers,  reactors,  coils  and 
rectifier  power  units  it's  ELECTRICOIL  I 


ELECTRICOIL  TRANSFORMER  CO. 

'  -  Electrical  Mfrs  Since  1  936 

417-421  Canal  Street  •  New  York  13,  N.  Y. 

WAIker  5-5465 
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Setup  of  tho  x-ro7  tUcknoss  gag*  lot 
chocking  copper  strip  in  a  cold  rednetioB 
mill 

tubes  in  the  comparator  circuit  of 
Fig.  3  are  in  parallel.  The  cathodes 
are  grounded  through  a  potenti¬ 
ometer  balancer  and  a  gage-selector 
rheostat  located  on  the  contrd 
panel.  The  screen  grids  are  con¬ 
nected  to  the  transformer  so  that 
the  applied  potentials  are  180 
degrees  out  of  phase.  Each  tube 
thus  conducts  only  when  its  screen 
grid  is  positive.  The  magnitude  of 
the  plate  current  during  conduction 
depends  on  the  magnitude  of  the 
pulse  applied  to  the  grid  by  the 
x-ray  tube  channel  that  is  operating 
during  that  same  half  cycle.  For 
equal  pulse  amplitudes  on  both  half 
cycles,  as  occurs  when  sample  and 
unknown  are  equal  in  thickness,  the 
voltage  drops  across  the  two  22,000- 
ohm  plate  load  resistors  will  be 
equal  and  there  will  be  no  voltage 
acting  on  the  meter.  For  differ¬ 
ences  in  thickness,  the  zero-center 
meter  will  indicate  the  deviation  in 
thickness  by  deflecting  in  the 
proper  direction.  The  high-react¬ 
ance  choke  prevents  a-c  voltage 
from  acting  on  the  meter. 

Photomultiplier  Stcibilizer 
Phototube  output  is  held  constant 
despite  inherent  drift  of  secondary- 
emission  tubes  by  automatically 
controlling  the  dynode  potentials 
and  in  effect  controlling  the  ampli¬ 
fication  of  the  phototube.  The  out¬ 
put  pulse  due  to  visible  light  emit¬ 
ted  by  the  fluorescent  screen  is 
amplified  by  the  phototube  and  by 
the  6SJ7.  The  amplified  pulse  is 
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ways  Agency  (Irish),  Trans-Australia,  Transcontinental 
and  Western,  United,  and  Western. 

Our  own  planes  are  in  constant  use,  testing  equipment 
of  advanced  Collins  design  for  Government  and  commer¬ 
cial  aviation.  A  recent  and  notable  example  of  accomplish¬ 
ment  is  the  Collins  51R  VHF  airborne  receiver  and  at¬ 
tendant  instrumentation,  which  equip  an  airplane  for 
navigational  use  of  the  new  omnidirectional  range  system. 
This  equipment  was  designed  and  thoroughly  tested  in 

1946,  and  was  demonstrated  to  the  airlines  throughout 

1947.  As  a  result,  Collins  has  been  awarded  the  majority 
of  the  contracts  which  have  been  let  to  the  time  this 
announcement  is  written. 


The  chart  above  indicates  main  routes  of  airlines  using 
Cnllliis  radio  communication  equipment  in  the  air,  on  the 
igrouitd,  or  both.  This  tremendous  acceptance  had  its  be- 
Linaing  in  the  middle  thirties,  and  is  the  result  of  early 
nnd  never-ending  Collins  research  and  development  in  the 
field  of  aviation  communications. 

The  airlines  whose  routes  are  shown  include  Air  France, 
All  American  Aviation,  American,  American  Overseas, 
Braniff.  British  Overseas,  Chicago  fit  Southern,  Colonial 
Airlines,  Eastern  Air  Lines,  FAMA  (Argentine  Republic), 
Hawaiian,  Northwest,  Panagra  (Pan  American-Grace),  Pan 
Aoicficdn  World  Airways  System  (Latin  American  divi- 
Atlantic  division.  Pacific- Alaska  division),  Pennsyl- 
'-ania-Centfal,  Peruvian  International,  (^uantas  (Australia), 
Boyal  Dutch,  Sabena  (Belgium),  SILA  —  SAS  —  ABA 
(Scandinavian  Air  Carriers),  South  African,  TACA  Air- 


COLLINS  RADIO  COMPANY,  Cedar  Rapids,  Iowa 

11  W»«t  42nd  StrMt,  N*w  York  18,  N.  Y-  458  South  Spring  Stroot,  Lot  Angotot  13,  California 
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TUBES  AT  WORK 

applied  to  the  grid  of  the  6AC| 
stabilizer  which  is  biased  far 
yond  cutoff  and  will  not  conduct  lo. 
lei^  the  signal  pulse  amplitaiic 
nearly  equals  the  d-c  bias.  If 
stabilizer  tube  plate  current  ii. 
creases  due  to  an  increase  in  palii 
amplitude,  the  average  drop  acroa 
Rl  increases  and  the  drop  acroa 

and  Rt  decreases.  This  lowen 
the  voltage  on  photomultiplier  d^ 
nodes  ^and  9  sufficiently  to  counto. 
act  the  increase  in  signal  pula 
amplitude  due  to  drift. 

Operating  Conditions 

At  times,  signal  amplitude  b- 
creases  to  quite  high  values  due  to 
thin  test  material  or  complete  n- 
moval  of  the  test  material.  The 
diode  serves  to  clip  oflf  the  lower 
portion  of  the  signal,  reducing  tix 
average  a-c  vklue  and  preventioi 
excessive  positive  grid  swings  tint 
might  damage  the  stabilizer  tube. 

Signal  input  to  the  phototube  ii 
set  originally  so  that  an  optimon 
signal  current  flows  through  the 
stabilizer  tube.  This  sets  the  vdt- 
age  across  Ri  and  R,  at  its  midvalue, 
as  required  for  drift  compensatioc 
in  either  direction. 

The  operator  may  select  the  gagt 
of  stock  to  be  run  by  making  i 
simple  adjustment  of  a  calibrated 
rheostat  connected  in  the  cathode 
circuit  of  the  comparator  and  lo¬ 
cated  at  the  remote  control  panel. 

Optimum  conditions  include  um 
of  a  fluorescent  screen  causing 
highest  photomultiplier  response, 
restriction  of  the  x-ray  beam  to  that 
small  area  on  the  fluorescent  screen  | 
most  effective  in  causing  photo¬ 
multiplier  response,  use  of  x-ray 
wavelengths  for  which  absorption 
in  the  fluorescent  screen  is  nearly 
complete,  and  use  of  a  refined  931A 
phototube  for  maximum  light  sensi¬ 
tivity. 

X-Ray  Tube  Stabilizer 

Operation  of  the  x-ray  sources 
without  stabilization  results  in  un¬ 
dependable  gage  indication.  X-ray 
tube  current  is  dependent  upon  fila¬ 
ment  temperature.  If  tube  cu^ 
rents  in  the  two  heads  are  orig¬ 
inally  set  at  equal  values,  it  is  un¬ 
likely  that  they  will  still  be  equal  an 
hour  later.  To  maintain  automati¬ 
cally  identical  current  magnitudes 
at  all  times,  the  tandem  milliampew 
stabilizer  circuit  shown  in  Fig.  4  u 
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action  switch  made 


snap 


The  ACRO  Model  “M"  can  bo  the  answer  to  the  designer’s  prayer 
because  it  can  be  slipped  in  where  no  other  switch  will  go.  But 
while  it  is  tiny,  it  is  truly  a  mighty  midget — delivering  long,  de¬ 
pendable  service  with  extreme  accuracy.  There  is  no  knife  blade 
or  bearing  action.  ACRO’s  exclusive  rolling  spring  principle  is  the 
key  to  its  performance  that  sets  it  apart  from  all  other  miniature 
switches.  Millions  of  ACrO  switches  are  in  use  on  countless  products 
from  coin  operated  machines  to  aircraft  and  military  equipment. 
Many  variations  can  be  furnished.  Standard  Model  “M”  Und.  Labs. 
Insp.  10  Amps  125  Volts  A.C.  Coin  Model  “M”  Und.  Lobs.  Insp. 
3  Amps  125  Volts  A.C.  Circuits:  Single  pole,  double  throw,  normally 
open  or  normally  closed. 


No.  5L  Leaf  Actuofer.  * 


No.  2M  Roller  Leaf  Acfvator.  • 


MODEL  1-A 

Thit  •rigiiMl,  basic  ACRO  anclaMe 
swHch  it  fwrnithtti  with  various 
tygus  of  actuators  os  shown  at  right. 
Sam*  hav*  b**n  t*tt*d  t*  ov*r  two 
hundrtd  miliian  actuations.  Und. 
Labs.  Insp.  10  Amps  125  Volts  A.C., 
5  Amps  250  Volts  A.C. 


No.  48L  Ugh  pressure  hinged  leaf.  * 


No.  63L  Long  travel,  ligh  pressure.  • 


Write  for  details  and  give  us  any  problem  you  may  have. 

THE  ACRO  ELECTRIC  COMPANY 

1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 
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THI  NUMBER  40  DUODECAL  TELEVISION  SOCKET 


ADDS  ONLY  ONE-HALF  INCH  TO  TUBE  LENGTH 
PHENOLIC  MOLDED  CONSTRUCTION 


WITH  RADIAL  LEADS 


AND  THE  HAND  GRIP  SHAPE 


■ucmoNic 

COMMWIMTS 


. .  designed  and  manufactured  in  the  traditiona!  FRANKLIN  manner . 
by  skilled  craftsmen  with  the  finest  materials 


A.  W.  FRANKLIN  MFG.  CORR 
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MAKE  THE  MOST  OF  THE 


SHURE  BROTHERS,  INC 


Microphones  &  Acoustic  Devices 

225  W.  HURON  ST.,  CHICAGO  10,  ILL.  •  CABLE  ADDRESS:  SHUREMICRO 


MODEL 

"737A” 

iltvu&S&  ^eur 


Here  indeed  is  the  crystal  micro-  's  |  at 

phone  of  Eill  time— a  high-out-  j »  Jty 

put,  unidirectional  microphone  V  |||v  iK  ViS Vjki 
that  ranks  far,  far  above  ordinary  v  .  V* 

crystal  microphones.  Why?  Be-  \  aI]P  jh) 
cause  it  is  a  SUPER-CARDI-  \ W  I  K 
OID  microphone.  What  does  \  ]|| 

this  mean?  It  means  that  the  \ 

“Monoplex”  is  twice  as  unidi-  I 

rectional  as  the  Cardioid.  It  has  wide  angle  pickup  across  the  front 
of  the  microphone  but  it  reduces  sound  pickup  from  the  rear  by 
15  db— over  a  broad  range  of  frequencies,  and  reduces  pickup  of 
random  sound  by  73%!  The  “Monoplex”  employs  the  i^ame  type 
of  acoustic  phase-shifting  network  used  in  the  highest- cost  Shure 
Broadcast  microphones.  New  “Metal-Seal”  crystal.  The  case  is 
pivoted  at  the  rear  and  can  be  pointed  toward  desired  sound  or  up¬ 
wards  for  horizontal  plane  pickup.  The  “Monoplex”  is  excellent 
for  I  high-quality  public-address,  communications,  recording  and 
similar  applications.  It  will  operate  under  adverse  conditions  of 
background  noise  and  reverberation  where  a  conventional  micro¬ 
phone  would  be  practicaUy  useless.  Make  the  most  of  the  “Mono¬ 
plex”— it  is  destined  for  a  performance  record  unique  in  crystal 
microphone  history! 

Skmre  wmtpmU  itmttd  mmd  pmmdimt. 

Lietmmd  mndrr  patents  of  Rrusk  lienelapmsmt  Cm. 


LitiPric*:  $35.50 
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FIG.  4 — In  th*  x-roy  tub*  stobilixai,  tki 
anod*  currant  of  th*  master  tub*  contnh 
th*  fUamant  currant  of  th*  slors  inb 


provided.  This  circuit  uses  current  I 
of  one  tube  (the  master)  as  refer¬ 
ence  and  makes  the  current  of  the ! 
slave  tube  follow  it. 

The  cathode  currents  of  the  x-ray 
tubes  cause  voltage  drops  acrou 
resistors  and  R,  and  these  are 
applied  to  a  6H6,  charging  Ci  and  C, 
to  voltages  proportional  to  the  re¬ 
spective  x-ray  tube  anode  currents. 

Rheostats  Rt  and  R*  adjust  the 
time  constants  of  the  two  R-C  cir¬ 
cuits,  enabling  the  operator  to  vary 
the  magnitude  of  the  slave  current 
The  bias  on  the  control  grid  of  the 
6AG7  pentode  is  the  algebraic  sun 
of  the  two  capacitor  voltages  and 
the  bias  battery  voltage.  Plate  cur¬ 
rent  of  the  pentode  flows  through 
the  d-c  winding  of  a  saturable  re¬ 
actor.  The  greater  the  plate  cu^ 
rent,  the  smaller  the  a-c  voltage 
drop  across  the  reactor  and  the 
higher  is  the  filament  current  in  the 
slave  tube,  and  vice  versa.  An  anti¬ 
hunt  arrangement  using  a  feedback 
transformer  and  a  duplex-diode 
rectifier,  capacitance-coupled  to  the 
grid  circuit,  prevents  oscillation 
that  might  otherwise  result  from 
high  sensitivity  and  quick  response. 


Other  Applications 


Applications  for  an  x-ray  thick¬ 
ness  gage  include  measurement  of 
the  thickness  of  linoleum,  laminated 
plastics,  sheet  glass,  many  types  of 
sheet  metal,  and  paper  and  card¬ 
board.  One  interesting  application 
that  wouldn’t  work  was  counting  of 
bundles  of  banknotes  to  determine 
exactly  how  many  bills  above  and 
below  the  standard  number  (100, 
500,  or  1,000)  were  in  a  given 
bundle.  It  sounded  simple,  until  a 
trial  showed  the  thicknesses  of  in- 
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ERVICE-PROVED 

COMPONENTS 

Available  Over  Wide  Range  of  Ratings 


TIm  exWiisWo  9“"^ 

by  General  Bertt'C  i« 
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300  henries  and  below. 

Higher  ratings  are  be¬ 
ing  built,  and  can  be 

considered.  When  re- 

quired,  small-  and  me- 
dium-sixe  designs  can 

be  provided  with  3  to  I 

range  of  inductance  ad- 

Justment. 


PULSE 


Pulse  transformers  for 
use  with  either  hard- 
tube  or  Une-type  mod¬ 
ulators;  Available  »n 
voltage  ratings  of  I 

kv  or  above.These  units 

are  ideal  for  radar  ap¬ 
plications,  stepping  up 
or  down,  impedance 

matching,  phase  revers¬ 
ing  and  plate-current 
measurements.  Also 

.nitable  for  nuclear 

physics  research  work. 


ncAMENT 


television  and  numer¬ 
ous  special  applications 

in  and  out  of  the  com¬ 
munications  held. 


Filament  transformers  avail¬ 
able  with  or  without  tube 
socket  mounted  integral 
with  the  high-voltage  ter- 
minal.  Low  capacitance. 
Ratings  to  match  any  tubes; 
insulated  to  practically  any 
required  level. 


GENERAL 


^  price  and  dmiivmry  on  componenM  to  fiwet  your  ragwiramanH, 
wrhm  yowr  naartt  General  Battrk  Dktrkt  OIRce  or  dhect  to 
General  Electric  Company,  MtHfMd,  Eloicoclnrierto. 
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WHERE 

BASIC 

DESIGNS 

IN 

EEECIRIC 

CONTROLS 

ARE 

RESULI- 

ENGINEEREO 


WATTAGE 

rating  is  higher 


Ward  Leourd  Ribfiex  Resistors  Are  Made 


For  Fast  Heat  Dissipatioo 


Size  for  size,  Ward  Leonard  Ribflex  Re 


sistors  have  85%  to  95%  greater  wattage 


rating  than  ordinary  wire-wound  resis 


tors.  Flat  reflexed  form  of  resistance  ele 


ment  provides  a  greater  area  for  heat  dis 


sipation.  Excellent  for  both  continpus 


and  intermittent  duty. 


Ward  Leonard  resistors  are  "Result- 


Engineered”.  By  modifying  a  basic  de 


sign  Ward  Leonard  can  often  give  you 


the  results  of  a  special . . .  for  the  cost  of 


a  standard. 


Write  for  Resistor  Catalog.  Ward 


Leonard  Electric  Co.,  31  South  St.,  Mount 


Vernon,  N.  Y.  Ofiices  in  principal  cities 


of  U.  S.  and  Canada. 


WARD  LEONARD 

ELECTRIC  COMPANY 

RESISTORS  •  RHEOSTATS  •  RELAYS  .  CONTROL  OEVICES 


'0' 


/-■GLASS  ENVELOPE 


FIG.  1 — CoMtniction  of  basic  Gsigsr-MuUw 
counter  tube.  To  sensitise  tube  to  ultra¬ 
violet.  surface  of  copper  cathode  is  slishtlT 
oxidised  and  tube  is  fiiled  with  mixture  d 
argon  and  alcohol  vapor  ot  low  preMun. 
Quarts  window  in  the  gloss  envelope 
admits  ultraviolet  radiation 

with  a  single  gas  or  a  combination 
of  gases  at  low  pressure,  and  a 
potential  of  the  order  of  1,000  volts 
is  applied  across  the  two  electrodes. 
This  voltage  is  carefully  adjusted 
so  that  the  tube  is  operating  just 
below  the  point  where  self-sustained 
discharge  can  occur.  Under  these 
conditions,  when  a  single  electron  is 
introduced  into  the  tube,  a  momen¬ 
tary  discharge  is  triggered.  Proper 
design  of  the  counter  and  its  associ¬ 
ated  circuit  permits  the  discharge 
to  be  rapidly  quenched.  The  ele^ 
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for  MORE  POWER 


O  var\a<"’  ^ 


V20 


•  The  Type  V-20  VARIAC*  with  new  moterials  and 
mproved  design  delivers  over  140  percent  more  power 
per  pound  thon  its  predecessor,  the  Type  100>Q.  The 
V-20  is  rated  at  20  amperes,  with  a  30  ampere 


maximum;  the  V-20H,  8  amperes  with  a  10  ampere 


These  new  VAR  I  ACS  are  provided  with  heavier  bar 


rier  terminals  in  a  box  equipped  with  knockouts  for 


standard  ^/4-inch  BX  or  conduit.  The  new  combination 


knob  and  handwheel  makes  it  much  easier  to  vary 


oltoge.  The  V-20  dials  have  extra  large  calibration 


figures,  easy  to  read  at  a  distance. 


As  with  all  other  VARIACS,  output  voltages  are  con 


tinuously  adjustable  from  zero  to  17%  above  line 


voltoge. 


SPECIFICATIONS 


TYPE  V-20  TYPEV-20H 


LOAD  RATING  (KVA) 


Input  Voltage  115  230  or  115 


Output  Voltage  Zero  to  115  or  135  270  or  230 


Rated  Current  (Amperes) 


a  Maximum  Current  (Amperes) 


WRITE  FOR  THE  'yARIAC  BULLETItT 


GENERAL  RADIO  COMPANY 


90  West  St.,  New  York  6 


920  S.  Michigan  Ave.,  Chicago  5  9S0  N.  Highland  Ave.,  Los  Angeles  38 
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CANNON 

IPLUGS 


"XL"  Typ*  S*rl*s  arc 
■Iraad^r  Hm  IralfHHilliMi  mark, 

•  aatahia  racard  far  a  aaw  pradact. 
XrcayOaaca  U  aiiaradi  avarywhara. 


ZINC  PLUGS 


XL-3-12  Cord  Plug  XL-3'11  Cord  Plug 
$1.20  lUt  $1.2$  List 


STiiL  XL  PLUGS 


XL-3-11SC  (stool) 
$2.80  list 


■ICIPTACLtS 


XL-3-12SC 
$2.75  list 


Xl-3-14  tocop. 
$1.00  List 


XL-3-13N  Rocop. 
$1.25  list 


XL-3-14N  Rocop. 
$1.15  List 


XL-3-13  Rocop. 
$1.25  List 


AOAPTIR  RICIPTACLiS 

Mad#  in  throo  typos  to  fit  most  popular 
microphonos.  Stondord  Pin  Insorts. 


XI-3-50T 
$1.15  List 


Xl-3-50 
$1.05  List 


$1.30  list 
XL-3-50N 


NEW  DISPLAY  AID 

for 

CANNON  JOBBERS 

THE  ABOVE  COMPACT  DISPLAY 
holds  one  of  each  XL  plug  or  rece^ 
tacle  type  with  the  exception  of  the 
single  gang  wall  receptacles  XL>3-35 
and  XL-3*36,and  is  printed  in  3  colors 
with  all  prices  listed,  making  this  dis* 
play  a  real  "self-service”  aid. 

SPECIAL  XL  DISTRIIUTORSHIPS  OPEN 

Contact  a  Cannon  Electric  Represen¬ 
tative  located  in  principal  cities  of 
die  USA  or  write  factory  for  details 
on  this  type  of  distributorship. 

The  latest  Bulletin  on  the  XL  Series,  XL-347, 
is  yours  for  the  askina.  Address  Dept.  -C120. 


KNOW  CANNON  ELECTRIC 
SALES  PERSONNEL 


M.  F.  GILLERN 

Manager,  Electrical  Specialty  Sales 

For  more  than  9  years  a  member  of  the  Cannon 
Electric  Sales  suff.  "Gil”  is  well  known  for  his 
experience  and  abilities  as  an  engineer  in  the 
signal,  telephone  and  wholesaling  fields  and 
is  constantly  at  the  service  of  Cannon  clients. 


wnm  a[!J3(2iMis 

3209  HUMBOLDT  ST.,  LOS  ANGiLES  31,  CALIF. 


IN  CANADA  A  BRITISH  EMPIRE  t 

CANNON  ELECTRIC  COMPANY,  LTD.  • 
TORONTO  13,  ONTARIO 
REPRESENTATIVES  IN  PRINC 


WORLD  EXPORT  (excepting  British  Empire)i 
FRAZAR  &  HANSEN,  301  CLAY  STREET 
SAN  FRANCISCO  11,  CALIFORNIA 
PAL  CITIES 


TUBES  AT  WORK 


(ceetinwl) 


trons  causing  the  discharges  can 
originate  as  the  result  of  various 
forms  of  radiation.  In  a  light-actu¬ 
ated  counter,  they  originate  as  a  r^ 
suit  of  photoelectric  emission  from 
the  cathode. 

To  permit  the  use  of  the  counter 
in  a  lighted  place,  it  is  necessary 
that  it  be  particularly  sensitive  to 
those  components  of  the  spectrum 
that  are  produced  by  radiation  from 
a  flame,’  and  that  it  be  relatively  in¬ 
sensitive  to  the  spectral  components 
of  sunlight.  For  this  purpose,  the 
counter  must  have  a  threshold  of 
sensitivity  less  than  2,900  ang¬ 
stroms.  A  counter  tube  having  a 
copper  cathode  surface  will  meet 
this  requirement  provided  that  this 
surface  is  oxidized  slightly.  The  in¬ 
troduction  of  a  small  amount  of 
alcohol  vapor  in^  the  counter  tube 
also  helps  to  reduce  the  wavelength 
at  which  the  sensitivity  threshold 
occurs. 

Construction  of  Counter 

Based  on  the  principles  outlined, 
an  ultraviolet  counter  tube  was  con 
structed  with  a  copper  cathode  hav¬ 
ing  a  slightly  oxidized  surface,  and 
a  6-mil  tungsten  wire  anode.  The 
anode  was  centered  by  means  of 
two  punched  mica  discs.  A  quartz 
window  cemented  in  the  glass  wall 
with  Glyptal  admits  ultraviolet 
radiation.  The  tube  was  filled  with 
a  mixture  of  alcohol  vapor  at  4  mm 
and  argon  at  4  cm  (mercury-pres¬ 
sure)  . 


ULTRAVIOLET 

COUNTER 

TUBE 


SENSITIVE  POWER 
TROPE  RELAY  RELAY 


-BIAS 

VOLTAGE 


FIG.  2 — Simple  ultraviolet  counter  fit*- 
alarm  circuit 


The  counter  tube  was  connected 
as  shown  in  Fig.  2  to  the  input  of 
an  amplifier.  The  R-C  input  circuit 
was  chosen  to  have  a  time  constant 
of  about  five  seconds.  Thus,  infre¬ 
quent  aperiodic  discharges  of  the 
counter,  occurring  for  small  inten¬ 
sities  of  radiation,  are  smoothed 
out  to  produce  steady  currents. 
With  the  time  constant  so  chosen, 
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CONSTANT  VOLTAGE  ^ 
with  low  harmonic  distortion 


TYPE  CVH,  an  important  newcomer  in  a  famous  line 
—a  Sola  CJonstant  Voltage  Transformer  designed  for 
use  with  equipment  that  requires  a  source  of  undis¬ 
torted  voltage.  These  new  transformers,  available  in 
250,  500  and  1,000  VA  capacities,  provide  all  of  the 
voltage  stabilizing  characteristics  of  the  standard  Sola 
Constant  Voltage  Transformer,  with  less  than  3%  har- 

wave. 


power  frequencies  harmonically  related  to  the  funda¬ 
mental. 

As  in  all  Sola  Constant  Voltage  Transformers  the 
regulation  is  automatic  and  instantaneous.  There  are 
no  moving  parts,  no  manual  adjiistments  and  every 
unit  is  self-protecting  against  short  circuit. 

Type  CVH  represents 
an  outstanding  ad¬ 
vance  in  automatic 
voltage  regulation 
and  an  important 
contribution  to  pre¬ 
cise  electronic  equip¬ 
ment. 


monic  distortion  of  the  output  voltage 
Since  the  output  voltage  wave  is  essentially  sinusoidal, 
these  transformers  may  be  used  for  the  most  exacting 
applications  such  as  general  laboratory  work,  instru¬ 
ment  calibration,  precision  electronic  equipment  or 
other  equipment  having  elements  which  are  sensitive  to 


want  POR  THISI  lULLITINS 

0CVH-1M — complete  electrical  and 
mechanical  characteristics  of  the 
new  Type  CVH  Constant  Voltage 
Transformers. 

DCV-102  —  complete  engineering 
handbook  and  catalog  of  standard 
Constant  Voltage  Transformers 
available  for  remedial  or  built-in 
applications. 


Trantfemiars  fori  Constant  Voltage  •  Cold  Cathode  Lighting  •  Airport  Lighting  •  Series  Lighting  •  Fluorescent  Lighting  •  Luminous  Tube  Signs 
OH.Bumer  Ignition  •  X-Roy  •  Power  •  Controls  •  Signal  Systems  •  etc  •  SOLA  ILECTRIC  COMPANY,  4633  W.  16th  Street,  Chicago  SO,  Illinois 

und€r  Uttnst  by:  ENDURANCE  ELECTRIC  CO.,  Concord  Wert.  N.  S.  W..  Australia  •  ADVANCE  COMPONENTS  LTD.,  Walthamstow,  E..  England 
UCOA  RADIO  S.A..  Buenos  Aires.  Argentina  •  M.  C.  B..*  VERITABLE  ALTER.  Courbevoie  (Seine).  France 


D.ECTR0NICS  — Morefc,  1948 


TUIES  AT  WOtK 

the  relay  operated  when  the  input 
current  exceeded  10  photoelectroni 
per  second.  An  alternative  circuit 
arrangement  using  a  thyratron  is 
shown  in  Fig.  8. 

If  it  is  desired  to  operate  the  de¬ 
vice  from  the  110-volt  a-c  line,  a 
transformer  and  voltage  doubler 
can  furnish  the  required  high  volt¬ 
age.  Stabilized  voltage  can  be 
picked  off  a  bank  of  1-watt  neon 
lamps  eoAnected  in  series  across  the 
d-c  output.  Alternatively,  with  an 
amplifier  using  a  low-current  triode 
such  as  the  1G4-G,  a  pack  of  minia¬ 
ture  aircraft  B  batteries  can  be 
used  to  produce  the  necessary 
voltage. 


LockMbsher 
IS  part  of 
the  screw 


Performance 


In  a  one-minute  run,  the  counter 
described  can  defect  a  photocurrent 
of  only  five  electrons  per  minute 
against  the  normal  background 
count  inherent  in  the  device.  Thii 
small  electron  flow  corresponds  to 
a  current  of  the  order  of  lO"* 


<Mekd.and1%idic^tplicatum.  SCREWS 


-WAS 

VOLTACe 


FIG.  3 — SwasitiT*  raloy  rwtiairwd  ia  drcnlt 
of  Fig.  2  is  •Umiaoted  by  um  of  thyrotici 


Unrotouchod  photo  shows  progressive  "lochiisg  bite'*  of  washer  teeth  as 
screw  is  driven  in.  When  setup,  the  screw  head  is  securely  locked  in  the 
material  to  effect  a  tighter,  stronger,  vibration-resisting  fastening. 

Ail  the  advantages  of  a  separate  locic-washer  and  saew 
assembly  are  now  combined  in  a  single  cost-cutting  unit.  As  the 
lock  washer  is  an  integral  part  of  the  head  this  time-saving  screw  is 
driven  with  the  same  speed  as  a  regular  screw,  it  automatically 
eliminates  lost  time  and  waste,  as  well  as  the  hazards  of  driving 
saews  without  washers  in  applications  where  washers  are  required. 

Hoitit^"LOCK-TITE"  screws  are  made  to  meet  the  specific 
needs  of  user.  Design  of  washer  teeth,  type  of  metal,  hardening 
and  tempering  can  be  regulated  to  obtain  the  most  efficient  lock¬ 
ing  or  binding  action  required  for  the  application. 

Accepted  practice  in  many  shops,  this  production-proved 
unit  cuts  costs  while  effecting  tighter,  stronger  fastenings.  Furnished 
with  HOLTITE-Phillips  Recessed  Heads  and  slotted  heads  in 
round.  Rat,  hex  and  binding  head  shapes. 


The  most  sensitive  type 


ampere, 

of  photocell  can  measure  photocur¬ 
rents  of  the  order  of  10' 


ampere. 

In  testing  thermal  alarms,  the 
Bureau  of  Standards  has  used  a 
standard  flame  obtained  by  igniting 
five  square  feet  of  alcohol  in  a  flat 
pan.  In  one  series  of  tests,  this 
source  was  ignited  in  a  room  meas¬ 
uring  roughly  13  feet  high  and  hav¬ 
ing  about  2,000  square  feet  of  floor 
space.  With  detector  elements  on 
the  ceiling  and  the  fire  pan  on  the 
floor  in  the  center  of  the  room,  it 
generally  required  more  than  s 
minute  to  actuate  the  alarm.  With 
the  ultraviolet 


a  similar  source, 
counter  triggers  the  alarm  in  a  few 
seconds  when  mounted  200  feet 
Its  response  is 


from  the  fire  pan. 
independent  of  room  shape  or  venti¬ 
lation  and  is  limited  only  by  the 
cone  of  vision. 
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To  build  a  better  instrument  for  vital  diagnosis,  Beck-Lee 
Corporation,  makers  of  precision-built  Electrocardio¬ 
graphs,  requested  our  engineers  to  cooperate  in  the 
design  of  o  permanent  magnet  to  replace  on  electro¬ 
magnet  to  accomplish  these  objectives: 


I.  To  increase  the  efficiency  of  the  instrument  by  in¬ 
creased  field  strength. 

1.  Increase  occurocy  by  eliminating  field  variations  of 
electromagnet. 

3.  Reduce  weight  of  complete  unit. 

4.  Reduce  cost  of  unit. 


Permanent 
Magnets 
Do  It*  Better 


e  e  e 


Electrocardiographs 


The  resultant  design — the  permanent  magnet  illus¬ 
trated — produced  these  results: 

1.  More  than  20,000  gausses  produced  in  air  gap 
by  our  Alnico  V  magnet — a  field  strength  more 
than  20%  greater  than  that  produced  by  electro¬ 


magnet — resulting  in  increased  sensitivity  in  the 


instrument. 


2.  Greater  accuracy  due  to  steady  field;  current 


fluctuations  affect  electromagnetic  field. 


3.  Manufacturing  and  operating  costs  reduced  by 
eliminating  need  for  costly  direct  current  supply. 


4.  Reduced  weight  of  complete  unit. 


The  Indiana  Steel  Produett  Company  oJfer»  you  an  ex¬ 
ceptional  permanent  magnet  design  service.  A  consultation 
with  our  engineers  may  develop  unexpected  savings  and 
increased  efficiency  in  your  product  through  the  use  rf 
permanent  magnets. 
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TiuET^yy  timing  DEVELOPMBNTS 

EiECTRICAL  MANJJFACTUfiERS 
SYNCHRONOUS  MOTORS 
SOURCE:  haVdoN  MFG.  CODING. 


— SPEED  MOTOR 

motor  onginoorod  to  omot  dmnond 

2^352= 
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OSCILLATING  SHAFT 

Normal  rotary  movement  of  drive  shaft 
is  converted  to  oscillating  motion  by 
special  linkage  between  drive  wheel 
and  shaft.  Standard  model  #1891, 
using  30  rpm  motor,  furnishes  complete 
30"  shaft  oscillation  every  2  seconds. 
Control  of  current  pulses  in  electric 
fence  timers  Is  typical  application. 


. :  Bfll  . 
BEARING- 


SPECIAL  THRUST  BEARING 


Drive  shaft  and  bearing  assembly  de¬ 
signed  to  absorb  vertical  thrust.  Special 
shaft  assembly  incorporates  ball  bear¬ 
ing;  set-screw  assures  proper  adjust¬ 
ment  of  shaft  and  bearing.  Typical 
applications  include  displays,  turn¬ 
tables,  barber  poles  ...  all  installations 
where  load  on  output  shaft  is  heavier 
than  can  be  safely  carried  by  standard 
construction. 


fl«.  d«i9«  or.  "» jir 


V  *  N  U  F  A  C  I  U  R  I  N  G  COMPANY.  INC 
TORRINGTON.  CONNECTICUT 

1^'  SS'  Tjwf  rn  ^  ~  ''C^^^PRODUCM 

SUBSIDIART  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


THE  ELECTRON  ART 

(conNmMd  from  p  140) 

dividual  slits  are  arranged  on  tracks 
along  the  focal  curve.  The  receivers 
can  be  positioned  as  necessary  on 
tracks  to  monitor  lines  from  ele¬ 
ments  of  interest.  Each  receiver  of 
the  Quantometer  built  by  the  Ap- 
plied  Research  Lab.  consists  of  & 
photomultiplier  tube  (supplied  from 
a  single  high-voltage  rectifier  in 
common  i^th  the  other  receivers) 
and  an  integrating  amplifier  (with 
individual  power  supply).  A  seps- 
rate,  multiple-channel  recording 
console  punches  tapes  from  which, 
after  calibration,  the  chemical  per¬ 
centage  of  each  element  can  be  read. 
Once  set  up,  the  meter  determina¬ 
tion  has  an  average  deviation  of 
only  0.012  percent. 

Development  and  Applica¬ 
tions  of  the  Skiatron 

By  G.  WlKKENHAUSER 
Technical  Director,  Sohophonu  Ltd. 

Welle,  Someraet,  England 

Dislocation  of  electrons  in  or  from 
their  atoms  in  crystal  lattices  usu¬ 
ally  results  in  coloration.  This  ef¬ 
fect,  recently  utilized  in  x-ray  treat¬ 
ment  and  inspection  of  gems,  is 
used  to  produce  the  visible  image 


FIG.  1 — ^Dpnsitr-tim*  choroctorlBtlc  oi  •Uc- 
iron  opacity  phonomona 

in  the  Skiatron  type  cathode-ray 
tube.  Although  experimentally  de¬ 
veloped  for  use  in  television,  this 
tube  offers  several  advantages  for 
radar  indicators,  especially  its  long 
persistence  with  concomitant  dis¬ 
crimination  against  noise  by  signal 
integration. 

Development  and  Characterieticn 

Intense  coloring  of  various  alkali 
halide  crystals  that  results  from 
cathode-ray  bombardment,  discov¬ 
ered  in  1894  by  E.  Goldstein,  and 
further  studied  by  Pohl,  Mott,  and 
Gurney,  is  used  to  produce  opacity 
in  the  tube  screen.  When  a  thin 
layer  of  these  crystals  is  so  bom- 
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...  Why  Zii  Q'®'  Uses 
LORD  VIBRATION  CONTROL  SYSTEM 

Aircraft  radio  equipment  offers  an  example  of  extremely  delicate  ap¬ 
paratus  exposed  to  unusually  severe  vibration  and  shock.  Its  successful 
funaioning  demands  the  most  efficient  vibration  isolation. 

Aircraft  Radio  Corporation  has  accomplished  such  satisfactory 
isolation  in  this  Type  15  VHF  Omnidirectionad  Range  Receiving  Equip¬ 
ment  through  the  use  of' Lord  Plate  Form  Mountings  in  combination 
with  a  device  manufactured  by  ARC. 

The  maximum  in  vibration  and  shock  isolation  is  obtained  through 
the  use  of  Lord  Shear  Type  Bonded  Rubber  Mountings — either  on  light, 
delicate  instruments  or  heavy  high-speed  machines.  Bring  your  vibration 
problems  to  Lord — Vibration  Control  Headquarters. 


SensitiveComponents 

Last  Longer 

• 

Less  Maintenance  ond 
Adjustment  Required 

Better  Performance 
—Operating  Charac¬ 
teristics  Stabilized 


Aircraft  Radio  *Corp.  uses 
Lord  Plate  Form  Mount¬ 
ings  on  aircraft  radio 
equipment  for  positive 
protection  from  vibration 
and  shock. 

There  is  a  Lord  Vibration 
Control  System  that  will 
improve  the  service  of  your 
product,  lengthen  its  life, 
increase  its  sales. 


Lord  AAultiplono 
AAounting*  or*  idool 
for  radio  and  com- 


riMinication*  oppHco 


Mom.  Softd  for  your 


copy  of  Bwllotin  1 06. 
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FIG.  2 — ^Largc^cTMn  plan  position  Indi¬ 
cator  oBod  by  Brltiah  AdnUrolty 


barded,  some  electrons  are  displaced 
from  the  halides  and  occupy  posi¬ 
tions  in  the  faults  of  the  crystal 
lattice  where  they  .vibrate  at  char¬ 
acteristic  frequencies.  Because  the 
frequency  of  vibration  lies  in  the 
visible  spectrum,  and  because  these 
displaced  electrons  can  absorb  light 
at  their  characteristic  frequencies, 
a  dark  pattern  is  produced  on  the 
originally  semitransparent  crystal 
layer.  The  color  of  the  pattern  is 
the  complementary  color  of  the  ab¬ 
sorption. 

The  most  commonly  used  mate¬ 
rial  is  potassium  chloride  whose 
absorption  is  in  tHe  green  region  of 
the  spectrum,  thus  the  dark  pattern 
appears  magenta.  In  potassium 
bromide  the  absorption  is  in  the 
bluish  range,  so  that  the  pattern  is 
brownish ;  sodium  chloride  gives  an 
orange  trace.  As  the  electrons  ab¬ 
sorb  further  energy  either  from 
light  or  heat  rays  they  return  to 
their  stable  positions  and  the  dark 
trace  disappears. 

This  phenomenon  was  applied  to 
television  tubes  by  A.  H.  Rosenthal 
in  1938,  but,  although  he  obtained 
television  images  on  Skiatrons  of 
the  BBC  405-line  interlaced  trans¬ 
mission,  it  was  realized  that  much 
work  was  required  to  perfect  the 
technique.  The  images  lacked  suf¬ 
ficient  contrast  because  of  the  rela¬ 
tively  long  persistence  of  the  trace. 
Time  required  for  a  trace  to  dis¬ 
appear  is  a  function  of  the  degree 
of  discoloration,  dark  traces  dis¬ 
solving  most  slowly.  To  obtain  fast 
enough  decay  for  reproducing 
26  pictures  per  second,  the  dark¬ 
ening  had  to  be  limited  to  very  faint 
traces.  Figure  1  shows  a  typical 
buildup-decay  characteristic.  De- 
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From  nukes  to  tower,  the  chain  of  broad¬ 
cast  equipment  must  have  strong  links  if 
**off.the>au^'  periods  are  to  be  avoided  with 
success.  General  Electric  offers  you  a  line  of 
rectifier  tubes  that  will  shoulder  a  full  load 
reliably . . .  husky  tubes  built  for  around-the- 
clock  nerformance  and  plenty  of  it. 

If  a  designer  of  transmitters,  you  may  choose 
from  more  than  a  doxen  G-E  rectifier  tubes 
that  run  the  gamut  of  sizes.  Five  are  shown 
here.  Mercury-vapor  content  gives  these  tubes 
the  ability  to  pass  high  peak  currents— also 
keeps  the  internal  voltage  drop  low.  All  the 
tubes  are  proved  veterans  of  exacting  broad¬ 
cast  and  industrial  service. 


If  a  station  operator  ...  do  you  want  fast 
service  on  rectifier-tube  replacements,  plus 
THE  BEST  in  quality?  See  your  nearby  G-E 
tube  distributor  or  dealer.  He  has  the  tubes — 
can  get  them  to  you  by  speedy  lopd  delivery; 
and  should  his  inventory  of  anv  type  happen 
to  be  low,  G-E  coast-to-coast  branch  stocks 
mean  overnight  replenishment. 

There’s  pocketbMk  protection  for  you,  too, 
in  G.E.’s  ironclad  tube  warranty.  Specify  G-E 
rectifier  tubes  in  orinnal  equipment  for  effi¬ 
ciency,  reliability,  ana  value;  replace  with  G-E 
tubes  to  gain  the  same  advanuges,  plus  fast 
delivery  to  your  door!  Electronics  Department, 
General  Electric  Company,  Schenectady  5,  N.  Y. 
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There’s  a  type  and  capacity 
to  meet  every  broadcast  need 


For  24-hour 
dependable  service. •• 
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Th«  new  performance-proved  metal 
shielded  wire  In  which  the  conductor 
and  the  shield  remain  coaxial  In  any 
shape.  Result?  Better  products  •  •  • 
lower  production  costs...less  trouble. 

TAKES  ANY  SHAPE  witlisst  Issisg  Its  csoxld 
qMtttlss. 

ELIMINATES  ELECTRO-STATIC  PICK-UP,  mh 
wasted  fooddMck  or  sporisos  radlatise. 

NO  INJURIOUS  MOISTURE  CONDENSATION 
coossd  by  twoptratare  dsaiges  or  bMidlty. 

PROnenON  AGAINST  CORROSION,  abrasioa, 
odds,  ftc  afforded  by  solid  sbiold. 

AYAILARLE  IN  MANY  METALS-oloailM, 
copper,  brass  or  oickeL 

Got  oN  of  th«  fo«to  on  this 
now  flovolopniont  for  tho 
oloctronks  onS  instromont  in- 
Oottrlos.  Writo  for  yoor  froo 
copy  of  tlio  booklot  oivlnf 
foH  dotoHs  on  COAXITUSI. 


PRECISION  TUBE  CO. 

foctory:  3824-36-28  TERRACE  ST.,  PHILADELPHIA,  PA. 


spite  these  limitations,  the  fact  that 
the  tube  could  be  used  as  a  light 
valve,  controlling  an  auxiliary  light 
source^  recommended  it  for  use  in 
projection  systems  for  producing 
large  television  images. 

Application  to  Radar  Indicators 

In  ■  applications  other  than  tele¬ 
vision,  where  the  trace  could  remain 
for  some  timet  the  characteristic  of 
the  Skiatron  screen  is  desirable. 
One  such  application  is  to  ppi  in¬ 
struments,  especially  the  projection 
type  of  Fig.  2,  on  which  shore  lines 
and  other  fixed  objects  build  up  to 
high  contrast  and  paths  of  aircraft 
and  ships  are  shown.  To  cancel  the 
trace  the  screen  is  irradiated  with 
heat  and  light. 

Parallel  developments  were  made 
by  several  Germail  firms  including 
Lorenz  and  Telefunken.  To  cancel 
the  trace  on  these  tubes,  heat  was 
applied  directly.  The  halide  screen 
was  formed  on  a  thin  sheet  of  mica 
on  which  was  also  a  tungsten  film 
thin  enough  to  be  transparent  to 
visible  light  but  yet  electrically 
conductive.  When  the  trace  was  to 
be  erased,  current  was  passed 
through  the  tungsten  film  produc¬ 
ing  a  sufficiently  high  temperature 
to  dissolve  even  a  very  dark  trace 
in  from  5  to  10  seconds.  The  metal 


FIG.  3 — Dark-trac*  tube  deTeloped  in  G•^ 
many  contains  erasing  beater 

caps  at  the  sides  of  the  tube  shown 
in  Fig.  3  provide  connection  to  the 
tungsten  film. 

Other  applications  utilizing  the 
long  persistence  characteristic  of 
the  Skiatron  have  been  made.  To 
track  every  plane  within  a  60-mile 
radius  of  the  All-Weather  Flying 
Center,  Wilmington,  Ohio,  such  a 
tube  is  being  used.  The  transient 
recording  oscillograph  made  by  Sco- 
phony  produces  a  persistent  trace 
that  can  be  studied  or  photographed 
without  need  for  precise  synchreni- 
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Production  savings  and  ■ 
sales  advantages  result  from^ 
redesign  with  four  Truarc  rings 


•  Eliminate  two  drilling,  two  tapping  oporotions,  and 
th*  fabrication  of  two  collars  and  four  pins. 

•  Eliminate  two  set  screws. 

•  Cut  dis-ossembly,  renissembly  time  75%. 

•  Make  for  closer  tolerances. 

•  Make  drive  shaft  self-aligning:  operation  by  user 
greatly  simplified. 

•  Make  more  delicate  adjustments  easier  for  user. 

•  Streamline  entire  unit. 

•  TOTAL  OVERALL  SAVINGS,  per  unit  ...  $1.00 


EUvotor-rod  dctoif  of  SkyViow  Condon$«r  En> 
lorgar,  whoro  Trvorclnvtrtod  Rotoining  Ring* 
provido  uniform  thouldor  ‘lor  obutting  curvod 
turfoco  of  holicol  spring,  improvo  product. 


—there's  a  Tnuurc  ring  that  does  a  better, 
job  of  holding  parts  together.  All  Waldes 
Truarc  retaining  rings  are  precision  engi¬ 
neered,  easy  to  assemble  and  dis-assemble, 
retain  circularity  always  to  give  you  a 
never-failing  grip.  They  can  be  used  over 
and  over  again.  Send  us  your  problem. 
Waldes  Truarc  engineers  will  be  glad  to 
show  how  Truarc  can  help  you. 


Like  the  Skyview  Camera  Company  of 
Olmsted  Falls.  Ohio,  re-design  with  Truarc 
and  you  will  cut  costs  and  improve  your 
product  too.  Wherever  you  use  machined 
collars,  nuts,  bolts,  snap  rings,  cotter  pins 


9  Sand  for  mw  Truarc  booldmt, 

**Now  Dovohpmoat  In  Rohmimg  Rlogt** 


WgldM  Kokiaoor,  Inc.,  47-tO  Austal  Plac*  ItW 

Long  Island  City  1,  N.  T. 

naasa  sand  booklat,  "Naw  Davalopaiaat  In  lataining 
Sings"  toi 


J  KEo.  u.  s.  SAT.  orr. 

RETAINING  RINGS  : 

WALDES  KOHINOOR,  INC.,  LONG  ISLAND  CITY.  1,  NEW  YORK 
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ECAUSE  oi  Low  Needle  Talk.  Low  Needle  Pressure, 


and  Low  Price,  Astatic's  new  "LT"  Series  Cartridges 
ore  particularly  desirable  for  new  installations  in  all  types 
of  automatic  record  changers  and  manually  operated 
phonographs.  Now  available  with  stamped  steel  and 


aluminum  as  well  as  die  cast  housings,  "LT"  Cartridges 


may  now  be  selected  in  the  proper  weight  to  provide 


optimum  needle  pressure  and  pickup  inertia  characteristics 


with  various  types  of  arms.  Output  voltage.  1.00  volt 


average  at  1,000  c.p.s.  Cutoff  frequency,  4,000  c.p.s. 


Speciol  Literature  Available 


D*  luxe,  "QT"  Se¬ 


ries  (Quiet  Talk)  Crys 


tal  Cartridge.  Employs 
matched,  replaceable  "Q" 
Needle  with  sapphire  or  precious 


metal  tip. 


*f*HE  DESIGN  of  this  modern,  replaceable,  carefully 
^  engineered  stainless  steel  needle  provides  a  high  order 
of  vertical,  as  well  as  lateral  compliance,  with  resulting 
clarity  and  qixiet  of  phonograph  reproduction.  Svifficiently 
large  for  easy  handling,  the  "T"  Needle  is  inserted  in 
cartridge  chuck  with  the  same  ease  as  "old  fashioned" 
needles,  and  is  held  fast  or  released  by  manipulation  of 
standard  set  screw. 
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FIG.  4 — Dork  trac*  psrsistsnc*  Is  such  thot 

troc*  rsmodns  oitur  tub*  Is  unplugged 

zation  with  the  occurrence  to  be 
recorded.  Figure  4  is  a  rather 
unique  photograph  of  a  British 
tube  on  which  a  damped  25-cps  wave 
was  recorded ;  the  tube  was  then  re¬ 
moved  from  the  associated  equip¬ 
ment  and  the  photograph  made,  the 
trace  still  remaining  on  the  screen. 
The  British  Services  Electronic  Re¬ 
search  Laboratories  have  demon¬ 
strated  a  facsimile  transmission 
and  reception  system  in  which  a 
500-line  picture,  scanned  over  a 
period  of  one  second,  is  reproduced 
by  this  electron  opacity  technique. 
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(1)  BrlUsh  Patents  613J78 ;  614,155; 
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Schophony  L,td. 

(2)  A.  H.  Rosenthal,  A  System  of 
LArge  Screen  Television  Reception  Based 
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Measuring  R-F  Power 

with  a  Thermopile 
By  Guy  P.  Walker 

yaval  Reaearch  Laboratory 
Vory  Department 
Waahington,  D.  C, 

Determination  of  radio-frequency 
power  produced  by  an  oscillating 
vacuum  tube  or  lost  within  it  or  its 
associated  circuit  is  difficult.  Closely 
coupling  measuring  equipment  to 
the  circuit  may  change 'the  operat¬ 
ing  conditions.  Although  the  opti¬ 
cal  pyrometer  method  does  not  dis¬ 
turb  the  tube  or  circuit,  it  is  subject 
to  error  from  the  nonuniform  dis¬ 
tribution  of  temperature  over  the 
anode  during  calibration  (calibra¬ 
tion  usually  being  done  with  d-c  in 
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FIG.  1 — ThermopU*  in  horn  oporotM  In¬ 
dicating  motor 


which  case  the  grid  shadows  on  the 
anode  are  well  defined ;  during  oper¬ 
ation,  when  the  grid  voltage  is 
swinging,  these  shadows  are  less 
defined).  Furthermore,  the  optical 
pyrometer  can  only  be  used  with 
tubes  whose  anodes  show  color  dur¬ 
ing  operation.  The' thermopile,  by 
measuring  radiated  heat  rather 
than  light,  is  free  from  these  limi¬ 
tations,  and  retains  the  advantage 
of  not  disturbing  the  circuit. 

Method  of  Use 

In  a  self-excited  oscillator,  d-c  in¬ 
put  power  to  the  tube  is  consumed 
in  (1)  tube  losses,  (2)  circuit 
losses,  and  (3)  useful  power  output. 
Circuit  losses  and  useful  power  out¬ 
put  taken  together  make  up  the 
total  r-f  power  output.  Because  d-c 
input  power  to  the  tube  is  readily 
obtained,  if  tube  loss  can  be  meas¬ 
ured,  subtracting  this  loss  from  d-c 
input  power  gives  total  r-f  power 
output.  A  lumped  value  of  the  va¬ 
rious  circuit  losses  can  be  obtained 
if  both  tube  loss  and  useful  power 
output  are  measured  and  the  useful 
power  output  subtracted  from  total 
r-f  power  output. 

A  sensitive  but  rugged  and  inex¬ 
pensive  thermopile  located  at  the 
focus  of  a  horn  whose  interior  is 
highly  polished  has  been  found  to 
be  sufficiently  directional  to  respond 
to  the  heat  radiated  from  a  given 
tube  toward  which  it  is  aimed  and 
to  exclude  small  quantities  of  heat 
radiated  from  sources  outside  the 
area  seen  by  the  orifice  of  the  horn. 
However,  the  horn  covers  a  large 
enough  area  of  the  anode  not  to 
make  the  equipment  sensitive  to 
localized  temperatures.  Figure  1  is 
a  photograph  of  this  equipment  and 
its  associated  meter.  The  horn  and 
shielded  meter  leads  prevent  inter¬ 
ference  from  r-f  fields  produced  by 


In  the  field  of  electronics  and  the  electrical 
goods  industry,  MOSINEE  stands  for  paper -base 
processing  n^i^mls  with  scientifically 
cot^olled  chemical  and  physical  properties,  high 
quali^  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
ctqped  w«h  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity;  accurate  caliper,  density,  liquid  repellency 
or  absorbency  ...  or  other  technical 
ch»acteristics  vital  to  your  quality  standards  and 
production  requirements. 
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CABLE  ADDRESS  ‘•BURNELL” 


BURNELL 


The  solution  of  filter 
network  problems,  has 
been  greatly  simplified 
through  the  use  of 
toroidal  coils  wound  on 
molybdenum  permalloy 
cores.  Design  engineers 
have  learned  to  depend 
upon  them  since  dis> 
covering  that  only  these 
toroids  possess  ali  the 
necessa^  qualities  of  a 
good  high  ‘"Q”  coil. 


The  most  available  types 
now  being  supplied  are 


TC-1  Any  Ind.  up  to  7  HYS 
TC-2  Any  Ind.  up  to  20  HYS 
TC-3  Any  Ind.  up  to  350  MHYS 

Be  sure  to  state  desired 
inductance. 


Our  toroid  filters  have  become  a 
by-word  in  every  phase  of  elec¬ 
tronics  where  only  the  best  results 
are  acceptable.  Toroidal  coils 
wound  on  MOLYBDENUM  PERM¬ 
ALLOY  DUST  CORES  are  the 
primary  basis  for  our  success  in 
producing  filters  unexcelled  in  per¬ 
formance.  We  are  producing  toroi¬ 
dal  coil  filters  which  consistentiy 
demonstrate  the  value  of  toroidal 
coils.  These  filters  cannot  be 
matched  in  stability,  accuracy  and 
sharpness  by  filters  made  with  the 
usual  laminated  type  of  coil. 
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the  circuit  under  test.  The  meter 
used  with  the  thermopile  is  a  sensi¬ 
tive  d-c  microammeter  whose  re¬ 
sistance  should  be  such  as  to  pro¬ 
duce  a  reading  of  at  least  half 
scale  under  the  prevailing  condi¬ 
tions  of  radiation  being  received  by 
the  thermopile. 

A  calibration  curve  is  made  of  d-c 
input  power  vs  thermopile  reading 
with  the  tube  operating  statically. 
As  would  be«expected,  current  from 


FIO.  2 — Op«i  horn  shows  intomol  shops 
and  location  of  thonnal  iunctions.  Thsrs 
or*  19  cold  iunctions  (A)  and  19  hot  onss 
(C).  th#  latsr  boing  blockonsd  and  located 
along  the  focus  of  tho  horn.  Tho  Thormopils 
is  insulated  (B)  from  tho  polished  aluminum 
horn  (E)  and  leads  brought  out  to  terminal 
posts  (D).  The  equipment  is  oroilabls 
through  Control  Scientific  Co..  Chicago 


The  Western  Electric  Ml  Power 
Line  Carrier  Telephone  System  per¬ 
mits  telephone  service  in  thousands 
of  farm  houses  having  electric 
power  service  but  no  telephone  wire 
line  connections.  It  will  help  raise 
living  standards  in  many  rural  areas. 

Sigma  Relays  are  used  for  three 
functions  in  this  equipment,  two  of 
which  are  unusually  exacting.  By 
careful  cooperative  study  of  each 
application  Sigma  was  able  to  work 
out  solutions  using  highly  refined 
but  none  the  less  conventional  sen¬ 
sitive  relays  of  standard  Sigma  de¬ 
sign  —  available  at  comparatively 
low  cost. 

From  vending  machines  to  V- 
Bombs  specialized  relay  design 
plus  facility  at  solving  problems 
involving  circuit,  relay  and  func¬ 
tion  enable  Sigma  to  render  valu¬ 
able  service. 


the  thermopile  varies  linearly  witt 
respect  to  the  power  dissipated 
within  the  tube.  During  calibration 
the  tube  dissipation  is  considered  to 
be  the  sum  of  the  plate  and  screen 
input  powers.  Filament  power  is 
neglected  because  it  is  considered 
to  be  constant  throughout  calibra¬ 
tion  and  operation,  its  only  effect 
being  to  produce  a  finite  intercept 
of  the  calibration  curve.  Control 
grid  power  for  most  tubes  is  neg¬ 
ligible  during  calibration  and  in 
self-excited  oscillators  is  furnished 
by  the  anode  supply.  After  cali¬ 
bration,  the  tube  circuit  is  adjusted 
for  the  oscillating  condition  with¬ 
out  disturbing  the  distance  between 
tube  and  thermopile  or  their  posi¬ 
tional  relationship.  However,  the 
same  thermopile  and  meter  can  be 
used  to  measure  a  wide  range  of 
power  by  varying  the  distance  be¬ 
tween  thermopile  and  radiating 
tube,  making  suitable  calibrations 
at  these  distances. 

With  the  tube  oscillating,  a  ther¬ 
mopile  reading  is  obtained  and, 
by  reference  to  the  calibration 
curve  the  power  dissipated  within 
the  tube  is  determined.  As  indicated 
above,  subtraction  of  this  value 


Common  Carrier.  Terminal  Chassis 


Subscriber  Coupling  Unit 


SIGMA  RELAY  TYPES 

A.C.  -  D.C.  -  POLAR 
S»4SITIVE  -  PRECISION  -  KEYING 
SINGLE  OR  MULTIPLE  CIRCUIT 
From  6S^  to  $25.00  ooch! 


Subscriber  Terminal  Equipment 


^J^/97AyCC<A^€.  RELAYS 

62  CEYLON  ST.,  BOSTON  21,  MASS. 
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Now  availal 
general 


Our  engineering  staff 
stands  ready  to  assist 
you  with  your  micro- 
wave  problems.  Ade¬ 
quate  shop  facilities  are 
available  for  the  fabri¬ 
cation  of  special  systems 
or  measurement  com¬ 
ponents  to  meet  your 
specific  requirements. 


PRD  Microwave  Measurement  Instruments  and  Components 
represent  the  scientific  mastery  and  creative  design  of  a 
staff  of  over  20  engineers  and  physicists,  many  of  whom 
have  worked  in  this  field  since  its  first  application  in 
practice.  Ingeniously  and  precisely  fabricated  to  meet  the 
exacting  requirements  of  the  art,  these  instruments  have 
become  the  accepted  standards  in  the  foremost  government, 
industrial  and  educational  laboratories. 

The  PRD  Microwave  line  now  includes  instruments  in  all 
wave-guide  and  coaxial  line  sizes  covering  the  frequency 
range  from  2600  to  26,000  megacycles  per  second.  Available 
equipment  includes  such  items  as  Resistive  Pads  and 
Attenuators,  Slotted  Sections  and  Probes,  Frequency  Meters, 
and  impedance  matching  devices.  An  illustrated  catalog 
may  be  obtained  by  writing  Dept.  E3  on  company  letterhead. 


Our  Booth  at  the 
1948  IRE  SHOW 
is  #276 


66  COURT  STREET 
BROOKLYN  2.  N.  Y. 
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from  the  d-c  input  power  gives  the 
total  r-f  output  or,  in  other  words, 
gives  the  sum  of  circuit  losses  and 
useful  power  output.  Measurement 
of  the  useful  power  output  by  a 
lamp  and  photocell  or  by  a  lamp  or 
other  load  and  the  thermopile  en¬ 
ables  one  to  arrive  at  a  lumped 
value  of  circuit  losses.  By  support¬ 
ing  the  thermopile  on  a  pivot,  it  can 
be  rotated  to  aim  it  at  either  the 
tube  to  measure  tube  loss  or  at  the 
load  to  measure  useful  power  out¬ 
put.  Separate  calibration  curves 
are  necessary  because  of  the  dis¬ 
similarity  in  the  two  sources  of 
radiation.  Figure  2  shows  construc¬ 
tional  features  of  the  horn  and 
thermopile. 

Accuracy  of  Technique 

Using  a  4E27,  which  has  a  tan¬ 
talum  anode,  the  relationships  of 
watts  dissipated  within  the  tube 
to  thermopile  current  and  optical 
pyrometer  reading  in  degrees  centi¬ 
grade  were  simultaneously  deter¬ 
mined.  Then,  with  the  tube  oscil¬ 
lating,  readings  were  taken  on  both 
instruments  as  a  check  of  one 
method  against  the  other  to  give 
the  following  tabulation 


Optical  Thermo- 
Pyrometer  pile 

Tube  lose  in  watts 
37  44 

49  61 

57  62 

80  79 

Total  r-f  power  in  watts 
117  110 

138  136 

168  173 

220  221 

Circuit  losses  in  watts 
21  14 

20  18 

30  36 

29  30 


SM  I 

CYCLES/skc 
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In  general,  the  readings  agree 
with  each  pther  within  a  few  per¬ 
cent.  However,  scattered  readings 
are  in  considerable  disagreement. 
The  fact  that  the  disagreements 
are  not  consistently  in  the  same  di¬ 
rection  indicates  that  the  personal 
element  may  be  an  important  fac¬ 
tor.  Because  matching  colors  of  a 
small  area  of  the  tube  anode  and  of 
a  heated  filament  within  the  optical 
pyrometer  is  more  difficult  than 


coHHCct  the  metrical 
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Multiples  of  these 
paired  Plastic  Plugs 


circuits  the  WuRLlIZER  OrGAN 


"Thru  the  development  of  these  plugs,"  states  the 
Rudolph  Wurlitzer  Company,  "we  are  now  able  to  divert 
the  electrical  circuits  from  one  normal  path  into  many, 
giving  the  Wurlitzer  Organ  tremendous  flexibility  over 
prior  methods.  By  utilizing  plastic  assemblies  on  these 
disconnect  plugs,  we  insure  ourselves  against  atmos¬ 
pheric  conditions  which  normally  cause  trouble  on  such 
an  important  electrical  unit." 

We,  at  Consolidated,  are  proud  to  have  been  called 
upon  by  Wurlitzer  engineers  to  build  the  necessary 
transfer  type  semi-automatic  dies  for  these  parts— and 
to  precision -process  them,  in  quantity,  of  a  special 
phenolic  with  the  required  structural  strength  and  insu¬ 
lating  qualities. 

For  like  satisfaction,  when  you  are  planning  for  plas¬ 
tics— call  Consolidated.  Inquiries  invited! 


Abov*  pholograpli,  by  cewrtMy  ai  Tb«  Rudelpn 
Wurlitiar  Company,  inilicatos  tbo  position  of 
rsforrod-to  plastic  (dues  in  tbo  Wurlitssr  Organ. 
Arrongomont  fodlitfrtos  inspoction  and  roody 
occoss  for  disossombly  of  tbo  interior  Wurlitssr 
Organ  ports. 


onsolidated 

■  MOLDED  PRODUCTS  CtyipcAcUso^ 

.*  309  CHERRY  STREET, 

SCRANTON  2,  PA. 


tmnSitr  NIW  YORK.  1790  Sreodwsr  •  CHICAGO,  549  MT.  RoadWph  ».  •  DITROIT.  550  Ma 
ttODUCT  OfVCtOfMfNT  •  MOlO  OfSION  •  MOlO  CONSTtUCTION  •  flUNOER  MOUMNO 


DETROIT,  550  MeccaWri  BUIr.  •  CIEVEIANO,  4614  Ar.  •  BRIDGERORT.  211  SMs  SOmi 


TRANSFCI  MOIDING 


INJECTION  MOIOINO 


COMMESSION  MOiMNO 
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reading  a  5-in.  meter  scale,  the  dis¬ 
agreements  in  readings  are  most 
likely  due  to  inaccuracies  in  read¬ 
ing  the  optical  pyrometer  than  to 
errors  in  tiie  thermopile.  Therefore 
the  thermopile  is  at  least  as  accu¬ 
rate  as  other  commonly  used  equip¬ 
ment  for  measuring  r-f  power. 

Because  tubes  warm  up  slowly, 
approaching  their  stable  temper¬ 
atures  asymptotically,  readings 
cannot  be  taken  quickly.  A  60- watt 
tube  requires 'about  8  minutes  to 
reach  a  point  where  reasonably  ac¬ 
curate  readings  can  be  taken.  When 
making  readings  with  the  thermo¬ 
pile,  ambient  temperature  should 
not  change  widely.  Changes  in  di¬ 
rection  or  velocity  of  air  currents 
near  the  tube  or  thermopile  can 
introduce  errors.  However,  as  the 
data  presented  indicates,  the  ther¬ 
mopile  with  its  directive  horn  is  a 
very  useful  instrument,  especially 
in  the  laboratory  where  tubes  can 
be  held  at  equilibrium  long  enough 
for  the  reading  to  have  meaning. 


“No  jay-walkin’  here! 
Gotta  get  to  the  airport? 
To  Air  Express  those 
packages?  My  poor  friend 
—  haven’t  you  heard? 


“Air  Express  picks  up  those 

Eckages  right  at  your  door 
re,  and  delivers  at  no  extra 
cost.  There’s  no  waiting  around, 
because  Air  Express  goes  on 
every  flight  of  the  Scheduled 
Airlines.  No  UB.  point  is  more 
than  hours  away! 


Directly  Coupled  niase 


“And  rates  are  low.  Don’t  in¬ 
terrupt  me— I  said  low.  Why 
else  do  business  men  use  Air 
Express  to  ship  finished  items, 
replacement  parts  and  perish- 
ames  regularly  V' 


DANGER 


By  E.  Johnson 

Brooklyn.  N.  Y. 

Direct-current  symmetry  and  sta¬ 
bility  of  output  are  obtained  from 
the  phase  inverter  shown  in  the 
accompanying  diagram.  Because 
of  these  properties,  the  circuit  is 
useful  in  handling  flat-topped 
pulses,  low  frequencies  and  the 
like.  The  indicated  values  of  the 
components,  although  considered 
optimum  for  the  specific  applica¬ 
tion  for  which  this  circuit  was 
developed,  should  be  taken  as  sug¬ 
gestions  rather  than  absolutes. 


Specifi/  Air  Bcpfisss-Wbrldsfastest  Shipping  Seme 


•Low  rates — special  pick-up  and  delivery  in  principal  U.S.  towns  and 
cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

True  cats  history:  Machine  parts  made  in  Camden  were  needed  in  Chicago 
in  a  rush.  32-lb.  package  picked  up  the  28th  at  10  A.  M.,  delivered  same 
day  at  5  P.  M.  669  mues.  Air  Express  charge  only  86.88.  Gave  days 
more  time  to  complete  the  job.  Other  weights,  any  distance,  similarly 
inexpensive  and  fast.  Just  phone  your  local  Air  Express  Division,  Rail¬ 
way  Express  Agency,  for  f&t  shipping  action. 


Operating  Conditions 

The  upper  half  of  the  inverter 
is  recognizable  as  a  cathode-cou¬ 
pled  amplifier'  *.  The  output  of  this 
half  is  in  phase  with  the  inverter 
input. 

The  lower  half  is  the  same  as 
the  upper  half  but  with  its  grids 
interchanged.  With  respect  to  qui¬ 
escent  conditions,  the  lower  half 
of  the  circuit  behaves  identically 
to  the  upper  half.  However,  the 
output  of  the  lower  half  is  180  de¬ 
grees  out  of  phase  with  the  in¬ 
verter  input.  The  inherent  gain 


Rates  include  pick-up  and  delivery  door 
to  door  in  all  principal  towns  and  cities 


SCHEDULED 
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TUliS 


CRYSTAiS 


Sylvania's  revised  catalog,  **  Electronic  Tubes/* 
lists  ratings,  characteristics  and  typical  applica¬ 
tions  of  more  than  75  special  tubes  and  devices, 
including:  Semi-conductors,  Microwave  Tubes, 
Industrial  Electronic  Tubes,  Radioactivity  Detec¬ 
tion  Tubes,  Special  Purpose  Tubes.  Catalog  gives 
cross-references  to  detailed  literature  available 
from  Sylvania  on  each  type. 


New  8-page  booklet  shows  a  total  of  21  receiver, 
transmitter  and  test  and  control  circuits  utiliz¬ 
ing  Sylvania  Germanium  Crystal  Diodes  and  Duo- 
Diodes.  Originated  by  amateur  radio  operators, 
these  circuits  will  be  of  interest  to  communica¬ 
tions  and  industrial  electronics  engineers. 


Sylvania  Electric  Products  Inc. 

Electronics  Division,  Dept.  E-1003 
500  Fifth  Avenue,  New  Yerli  18,  N.  Y. 

GenHemen: 

Please  send  me  the  following  literature: 
Q  Electronic  Tubes 
□  21  Circuits— Germanium  Crystal 
Diodes 


SEND  THE  COUPON  FOR  YOUR  riSCC 
COPIES  OF  THESE  INFORMATIVE  BULLETINS 


Company .... 
Street  Address 


Electronic*  Dirition,  500  Fifth  Avenucy  New  York  18,  N,  Y. 
■  tint  IF  [ifCTiiNic  ittiets.  mil  iiks.  cmnik  m  tiks 

FIIIIFSCIRT  IkHPS.  FIXTIRtS.  WHINS  KVICFS.  (UC1IIC  IIENT  IIIIS 
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Phow*  inTertar  is  directly  coupled 


of  the  lower  half  is  about  half  that 
of  the  upper  half  so  that  an  adjust¬ 
ment  of  the  potentiometer  Rt  is 
necessary  to  equalize  the  outputs 
of  the  two  halves.  Overall  gain 
of  the  inverter  is  controlled  by  J?,. 

Potentiometer  Rt  is  adjusted  to 
make  the  d-c  output  voltage  of  each 
half  of  the  circuit  equal,  the  adjust¬ 
ment  being  made  in  the  absence 
of  signal  and  before  Rt  is  adjusted. 
The  subsequent  adjustment  of  i?, 
does  not  necessitate  any  further 
adjustment  of  Rt,  making  the  cir¬ 
cuit  very  easy  to  balance.  Essen¬ 
tially,  each  half  of  the  circuit  op¬ 
erates  independently  of  the  other 
half  so  that  there  is  no  tendency 
towards  regenerative  drifting  and 
critical  adjustment  that  character¬ 
ize  many  comparable  circuits. 

With  the  typical  values  of  com¬ 
ponents  as  shown,  the  circuit  has 
a  voltage  gain  of  about  20  and 
handles  inputs  up  to  two  volts  with¬ 
out  appreciable  distortion.  Use  of 
6SN7’s  would  have  reduced  the 
gain  to  about  seven.  Graphical 
analysis  offers  a  convenient  means 
of  investigating  the  performance 
of  the  circuit  and  provides  a  guide 
for  selecting  the  components* 

References 

(1)  Q.  C.  Sziklal  and  A.  C.  Schroedei, 
Cathode-Coupled  Wlde-Band  Amplifiers, 
Proc  IRE.  p  701,  Oct  1945. 

(2)  K.  A.  Pullen,  The  Cathode-Coupled 
Amplifier,  Proo  IRE,  p  402,  June  1946. 

(S)  M.  S.  Rlfkin,  A  Graphical  Analysis 
of  the  Cathode-Coupled  Amplifier,  Com- 
munioationa,  p  16,  1146 


DEPENDABILITY 

PLUS 


Crystal  or  Dynamic  Microphone 

Leading  manufacturers  of  communications,  sound, 
and  recording  equipment  specify  the  Turner  Model 
22  as  standard  for  microphone  performance.  Its 
accurate  pickup  and  smooth,  wide-range  response 
is  engineered  for  both  voice  and  music.  Up-to-the- 
minute  styling  adds  distinction  to  any  installation. 

The  Turner  Model  22  is  easy  to  handle,  conven¬ 
ient  to  use.  Full  ninety  degree  tilting  head  permits 
semi-  or  non-direcdonal  operation.  Furnished  with 
removable  7  ft.  quick-change  shielded  cable  set. 

MODEL  22X  is  engineered  with  MODEL  22D  features  high 

a  high  quality,  humidity  protected  quality  magnets  in  a  well  bal- 

crystal  in  mechanical  shock-proof  anced  acoustic  circuit  with  ade- 

mounting.  Equipped  with  wind-  quate  shielding  to  reduce  r.f. 

gag  and  barometric  compensator.  pickup.  Built  to  withstand  heat. 

May  be  used  indoors  or  out.  Re-  cold,  humidity.  Response: ^5  db 

sponse:  *  5  db  from  50 — 9000  from  50 — 9000  c.p.s.  Level:  54 

c.p.s.  Level:  52  db  below  1  volt/  db  below  1  volt/dyne/sq.cm,  at 

dyne/sq.cm.  high  impedance. 

For  thoroughly  dopondablm  porformancm,  plus  modern  stroamlino  styling — 
Turn  to  Mkrophonos  by  Tumor.  Writo  for  Complotm  Mkrophono  Catalog. 


SURVEY  OF  NEW  TECHNIQUES 

NBS  CASTING  RESIN,  whose  proper¬ 
ties  were  described  (Electronics, 
p  136,  July  1947),  is  being  com¬ 
mercially  produced  by  The  Mathie- 
son  Alkali  Works.  Because  of  its 
low  shrinkage  upon  polymerization 
and  its  electrical  and  dimensional 


THE  TURNER  COMPANY 

905  17TH  STREET  N.  E.,  CEDAR  RAPIDS,  IOWA 


MicrophonM  lioenood  under  U.  S,  patents  of  the  American  Telephone  and  Telegraph  Company,  and  West¬ 
ern  Electric  Company,  Incorporated.  Crystal  licensed  under  patents  of  the  Brush  Development  Company. 
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TYPE  SRC  12.  20.  21 
FREQUENCY  4400-5000  me 
POWER  OUTPUT  5  WATTS  MAX 


NOW  AVAILABLE 


MICROWAVE  RELAY 


i' 


TYPE  SRL  7a 

FREQUENCY  1825  2100  me 
POWER  OUTPUT  5  WATTS  MAX 


■  Four  Sperry  Reflex  Klystron  osc^hitnriii  for  - - — 

microwave  relay  systems  are  now  ay^ailablcJbr _ _ _ 

commercial  use.  These  Klystrons  can  be  used  ^ 

either  as  transmitting  types  or  locaFoM.illatui&. — - 

They  can  also  be  used  in  the  labor^ory  as  _ 

oscillators  in  the  development  of  n±it:iem«>ic 

relay  systems.  ^  — - - - 

■  With  these  new  Klystron  tubes,  relay  tcChh^iiCs — 

are  simplified  and  the  mechanical  problems  -  — 

associated  with  lower  frequency  relay  liiilts  aic 
overcome.  ,  — - -  — 

■  Other  Sperry-  Klystrons  are  available  in  the  ~ 

frequency  range  from  500  to  1 2,000-»Reg-vpycle^^ - 

Our  Industrial  Department  will  gladly  »upnlv 
further  information.  - - - 


i. 


TYPE  3K27 

FREQUENCY  750-960  me 
POWER  OUTPUT  15  WATTS  MAX 


Sperry  Gyroscope  Company 

DIVISION  OF  THE  SPERRY  CORPORATION  •  CHEAT  WEgTHEvT^ 

NfW  YORK  .  CLEVELAND  •  NEW  ORLEANS  •  LOS  ANG^S  .  SANTRAWCiSCO  •  SCATTLt 

VISIT  THE  SPERRY  Tooth" 

AT  THE  I.R.  E.^OW  — ^ 


TYPE  SRC-8  SERIES 
FREQUENCY  5500-7800  me* 
POWER  OUTPUT  4.5  WATTS  MAX 


.  '(  ) 


IJ' 


100  uu^Ac;  t.le  steps  except  fur 
moddE,SRC:.8.\,SRC-8B,SRC:-H( 
which  are  bench  oscillators  in  400 
me^picycle  steps  from  5850  to  7050 
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stability,  it  is  used  as  a  potting  com¬ 
pound  to  protect  and  stabilize  elec¬ 
tronic  circuits. 

Automatic  electronically  controlled 
machinery  for  high  vacuum  thermal 
evaporation  of  metallic  salts  and 
metals  on  optics,  as  in  the  produc¬ 
tion  of  front  surfaced  television 
projection  mirrors,  has  been  devel- 
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ted.  TmM 


h^nd  f^  strain  of  hanlin^  m  a 
unpredictable  size  aud  s^trengtlu  thus  reu 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
Bpr<d>lems,  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 
T~Z — the  Outdoorsman  I 

\  reel  Wv" rated  above  -,  I 

uakei  City  Geai  Woiks 

INCORPORATED 

1910  N.  t^ront  Street,  Philadelphia  22,  Pa. 


EUctronlcany  controUad  high  voaiuai 
•▼oporotioii  aquipmant  lor  coattng  taniaa 
oad  for  plating  mirrors 

oped  by  National  Research  Corp. 
Glass  to  be  coated  passes  on  a  con¬ 
veyer  through  a  series  of  locks  to 
the  vacuum  coating  chamber  and 
then  through  another  series  return¬ 
ing  to  atmospheric  pressure.  The 
application  of  automatic  control  to 
high  vacuum  processing  greatly  ex¬ 
tends  its  industrial  significance. 

Universal  capacitor  microphone 
principles,  details  of  crystal  filters 
for  communication  systems,  and 
sound  recorders  and  reproducers 
developed  in  Germany  are  described 
in  three  reports  available  through 
the  Office  of  Technical  Services, 
Dept,  of  Commerce. 

The  capacitor  microphone,  used 
for  broadcast  pickups,  can  be  con¬ 
structed  to  have  either  a  unidirec¬ 
tional,  bidirectional,  or  nondirec- 
tional  response.  The  microphone 
operates  on  the  gradient  of  the 
sound  pressure  and  the  diaphragm 
is  resistance  controlled  so  that  the 
response  is '  independent  of  fre¬ 
quency  (PB-79584,  mimeograph 
$0.26). 

Information  based  on  an  inter¬ 
view  with  Dr.  Krambeer,  chief  filter 
designer  of  Siemens  Halske  Labs., 
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Addre'.i  U.S.A.  and  Canadian  inquiries  to 

BRITISH  INDUSTRIES  y^ORP.,  315  Broadway,  New  York  7,  N.Y. 


Inquiries*  reqardinq  other  territories  to 

MULTICORE  SOLDERS  LTD..  MoUier  House.  Albemarle  Street.  London.  W.l,  England. 
Cables;  Dustickon.  Piccy.  London. 


VISIT  OUR  BOOTH 
at  tlM 

I.R.E.  SHOW 
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THE  ELECTION  ART  (continM^) 

and  contained  in  an  exchange  report 
prepared  by  the  British  Intelligence 
Objectives  Sub-Committee  de¬ 
scribes  methods  of  designing  chan¬ 
nel,  narrow  band,  and  low  and  high 
pass  crystal  filters  (PB-80572,  mi¬ 
crofilm  $1.00). 

Electroacoustic  measurements 
can  be  logarithmically  recorded  by 
techniques  used  in  the  Neumann 
damping  recorder.  The  method  is 
suitable  for  determining  voltage 
differences  in  sound  frequency  gen¬ 
erators  such  as  receivers  and  micro¬ 
phones  (PB-69125,  microfilni 
$1.00). 


Concentrated  arc  lamp  (Elec¬ 
tronics,  p  202,  Feb.  1947)  is  used 
as  a  point  source  in  projecting  a 
wide  angle  beam  capable  of  cover¬ 
ing  the  large  spherical  mirrors  used 
in  projection  television  receivers. 


Unifarm  in  tanks 


hut  ONE  is  best  tar  Yaul 


All  solders  look  alike  but  many  will  vary  widely 
in  performance.  Speed  up  all  soldering  operations 
and  eliminate  trouble  by  using  Kester  Cored  Solders 
with  their  uniform  and  dependable  flux  core. 

Consult  our  engineers,  without  obligations,  on  any 
soldering  problem.  One  of  our  Cored  Solders  can  be 
fitted  to  your  needs. 


KESTER  SOLDER  COMPANY 


4204  Wrightwood  Avenue,  Chicago  39,  Illinois 

Eastern  Plant:  Newark,  New  Jersey  Canadian  Plant:  Brantford,  Canada 


Optical  loborotory  inslminant  poTM  the 
way  for  production  inipoction  of  tolovielon 
proloction  mirron 

The  technique  is  used  at  North 
American  Philips  Labs,  to  deter¬ 
mine  means  for  improving  quality 
of  mirrors.  The  image  formed  is 
examined  by  the  same  lens  system 
that  projects  the  light  beam. 


Very  dilute  concentrations  of 
colloids  and  bacteria  can  be  com¬ 
pared  in  a  pulse  t3T)e  penetrometer 
developed  under  OSRD  and  Army 
Service  Forces  contracts  at  North¬ 
western  University  by  F.  T.  Gucker, 
Jr.,  H.  B.  Pickard,  C.  T.  O’Konski, 
and  J.  N.  Pitts,  Jr.  The  penetrom¬ 
eter  consists  of  a  cell  through 
which  the  stream  (gas  or  liquid) 
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Two  Imago 
Ortliicon  Hoads 
with  CI»€tronit 
Viowlindors 


^  Split-second  action  through  quick  setup  and 
iinger-tip  controls;  accessibility  for  time-saving  in¬ 
spection  and  immediate  maintenance;  superlative 
image  pickup  with  precise  electronic  viewfinder 
checkup;  handy  matched  units  for  all  required 
power,  synchronizing,  amplifying  and  monitoring 
functions  plus  latest  camera  effects— such  explains 
the  popularity  of  the  Du  Mont  lype  TA-124-B  Dual 


Image  Orthicon  Chain  for  studio  and  ovitdoor  tele¬ 
casts  alike. 

Whatever  your  telecasting  plans  or  requirements 
—from  modest  start  (Acorn  Package)  to  most  ambi¬ 
tious  setup— whether  loc^l  station  or  network— be 
sure  to  get  the  details  of  this  oustanding  camera 
equipment.  From  camera  to  antenna,  it's  DU  MONT 
for  "The  First  with  the  Finest  in  Television." . 


H*avy-duty  cablM  and  “Jiliy"  Connec- 
loia  ior  trouble-fraa  oparation.  Built  in 
intaicommunicationa. 

Camera:  Four-lena  turret.  Electronic 
viewtinder  and  camera  integral  aasem- 
bly,  but  aeparately  operable.  Heater  and 
blower  ior  wide  variation  oi  ambient  tem¬ 
peratures.  Pan-handle  operation  oi  iocus 
control.  Remote  iris  adjustment  irom 
camera  rear.  No  screwdriver  controls. 
Factory-aligned  peaking  in  video  pre- 
ampliiier. 


Auxiliary:  Pentode  control  oi  iocus-coil 
current.  Independent  cable  delay  com¬ 
pensation  ior  multiple  camera  hook-ups. 

Power  Supplies:  Bugged  construction. 
Super-regulating  supplies  ior  video  cir¬ 
cuits. 

Control  and  Monitor:  Thumb-wheel  con¬ 
trols.  Line-to-line'  clamp  circuits.  Single¬ 
camera  chain  operation  ii  necessary. 

Sync  Generator:  Smallest  and  lightest 


portable  unit  extant.  Better  rise  time  oi 
pulses  and  ireedom  irom  adjustments 
than  most  studio  type  sync  generators. 

Distribution  Ampliiier;  Equipment  set  up 
to  handle  up  to  tour  cameras  without  use 
oi  junction  boxes. 

Mixer  Ampliiier  and  Monitor:  Automatic 
lap  dissolve  and  lading  circuits  (iour 
speeds)  applicable  up  to  iour  channels. 
Normal  manual  mixing  and  lading,  also 
built  in. 


Mixtr-Amplifier 
and  Monitor 


PortaUo 

Synchronising 

Generator 


Distributor 
AmplHior  and  ' 
low-Voltoge  Supply 


Two  Image 
Orthicon  Control 
and  Monitors 


Low-Voltage 

Supply 


Supply 

IS  ALLBN  a.  DU  MONT  LABOnATOeiBS,  INC. 


ALLEN  B.  DU  MONT  LABORATORIES,  INC.  •  TELEVISION  EQUIPMENT  DIVISION,  42  HARDING  AVE. 

SEE  OUR  DISPLAYS  AT  BOOTHS  244-248,  I.R.E.  NATIONAL  CONVENTION 
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make  accurate  response  curves  in  a  model  fr-i 

—SPEEDY  manner 

,m  automatic  frequency  response  recorder 

Why  use  the  old  fashioned,  tedious  point-to-point  •  AMPLIFIERS 

method  of  plotting,  when  modern  equipment  P-A  SYSTEMS 

is  available?  The  FR-I  Is  a  laborato  y  •  MICROPHONES 

apparatus  of  unsurpassed  merits  for  •  SOUND  INSTALLATIONS 

mailing  response  characterlstic-s  of:  •  FILTERS  •  EO'J'^LIZERS 

•  loudspeakers  •  RECORDING  HEADS  •  REPRODUCERS 


Hard  or  soft  worms,  lead  screws,  etc. 
ground  to  your  exact  specifications  in 
small  lots  or  production  runs.  We  in* 
vite  you  to  submit  your  prints  for 
quotation  without  obligation. 

MCMKft  OF 


®  nSbtUtd  Apparatus  Co. 

^33  BROADWAY  (Woolworth  Bldg.)  NEW  YORK  7,  N.Y. 
CANADIAN  REPRESENTATIVE;  M.  P  »  m  w  d  .  2215  Addlwgtea  A»»..  Mewtreal  2»,  P.Q. 


THE  ELECTRON  ART  (cMitiniMd) 

bearing  the  very  dilute  concentra* 
tion  to  be  measured  passes  an  in¬ 
tense  light-beam.  Particles  in  the 
stream  scatter  light  to  a  thalofide 
cell  or  photomultiplier  tube  which 
feeds  an  amplifier  having  a  maxi¬ 
mum  voltage  gain  of  300,000.  As  a 
particle  passes  the  beam,  it  scatters 
light  to  the  photocell  for  about  three 
milliseconds.  A  thyratron  in  the 
amplifier  output  is  thus  operated  to 
actuate  a  mechanical  counter.  The 
count  over  a  measured  time  interval 
is  indicative  of  the  particle  concen¬ 
tration  (PB-79150,  microfilm  $1.). 

Standard  of  length  might  be 
made  the  green  radiation  of  mer¬ 
cury  198,  an  isotope  transmuted 
from  gold  by  neutron  bombardment 
Because  the  human  eye  is  more 
sensitive  to  this  green  line  than  to 
the  red  line  of  cadmium,  used  as  a 
standard  because  of  its  greater  sta¬ 
bility  and  precision  than  the 
standard  platinum-iridium  meter 
bar,  adjustment  of  interferometers 
with  which  lengths  are  measured  is 
more  readily  done.  Also  this  green 
line  is  stable,  reproducible,  sharp, 
and  easily  maintained,  according  to 
Dr.  W.  F.  Meggers  of  the  National 
Bureau  of  Standards. 

Capacitor  paper  having  densities 
from  1.25  to  1.30  were  manufac¬ 
tured  in  Germany;  highest  density 
attained  in  America  is  1.00.  The 
high  density  paper  is  the  result  of 
using  high-grade  Finnish  pulp, 

!  slow-speed  paper  making  machines, 
carefully  controlled  wetting  of  the 
paper,  and  especially  the  final  super¬ 
calendering  on  fine  mechanical  ma¬ 
chines  (mimeographed  copies  of  15 
page  PB  80394,  “Supercalendering 
of  Condenser  Paper”,  are  available 
from  Office  of  Technical  Services  at 
$0.50  each.) 

Voltage  on  power  lines  varies — 
In  the  District  of  Columbia,  volt¬ 
ages  at  substations  vary  about  4 
percent,  according  to  National  Bu¬ 
reau  of  Standards  measurements. 
Considering  the  greater  amount  of 
heavy  industry  in  other  districts  of 
the  country,  voltage  drops  in  mains, 
distribution  transformers,  and 
plant  wiring,  the  Bureau  estimates 
that  voltages  in  factories  vary 
about  11  percent. 
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An  outatomding  choice  o<  bokelite- 
molded  receiving  and  transmitting 
capacitors  lor  widest  range  of  re- 
guirements. 


Bokelite-cosed  potted  transmitting 
capacitors  lor  greater  load-carrying 
capacity.  Aerovox  cunent  ratings  in¬ 
sure  the  most  satisfactory  selection. 


Stack-mounting  heavy-duty  capaci¬ 
tors  for  transmitting  and  other  high- 
voltage  applications. 


Ultra-high-freguency  molded-in-bake- 
lite  capacitors  featuring  high-voltage 
minimum-inductance  characteristics. 


Water-cooled  oil-filled  mica  capaci¬ 
tors  lor  higher  KVA  ratings  and 
greatly  reduced  capacitor  size  for 
given  power  ratings. 


•  Be  it  tiny  "postage-stamp"  mica  capacitor  or  large  stack-moimting 
unit— regardless,  it's  a  precision  prpduct  when  it  bears  the  Aerovox 
name. 

Only  the  finest  ruby  mica  is  used.  Each  piece  is  individually 
gauged  and  inspected.  Uniform  thickness  means  meeting  still 
closer  capacitance  tolerances.  Also,  sections  are  of  exceptionally 
uniform  capacitance,  vitally  essential  for  those  high-voltage  series- 
stack  capacitors.  Meanwhile,  the  selection  of  perfect  mica  sheets  ac¬ 
counts  for  that  extra-generous  safety  factor  so  characteristic  of  ALL 
Aerovox  capacitors. 

Send  vs  your  capadtcince  problems  .  .  . 

Aerovox  application  engineering  service  is  yours  for 
the  asking.  Let  us  quote  on  your  mica,  paper,  oil, 
electrolytic,  ultra-high-frequency,  power-factor  and 
other  capacitor  needs. 

FOR  RADIO-ELECTRONIC  AND 
INDUSTRIAL  APPLICATIONS 


kEDOVOX  eORPORkTION,  NEW  BEDFORD,  MR$$.,  B.S.R. 


>SUE$  IrncES  II  All  NiiCirkL  Cities  •  Exptrt:  13  E.  40U  $T.,  NEV  Yon  II.  E.  Y.  y 
Cakio;  *AILIB'  •  Il  Coaali:  AEIBVII  CANADA  LTD.,  NasiiTii.  OiT. 
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TRANSMITTING 

CAPACITORS 
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PRODUCT  OF  NATIONAL  RESEARCH 


NEW  GRADE  G-7-830 

» 

IKONE  FIBERGLAS  LAMINATE 


Laminated  PLASTIC 

H  EATa  RESISTANT 


contains  a'microphone  and  a  blank- 
carti*idge  gun.  Sound  of  the  initial 
explosion  as  well  as  the  reflected 
pulses  are  picked  up,  amplifled,  and 
recorded. 


High-Speed  Relay  (13) 

Stevens- Arnold  Inc.,  22  Elkins 
St.,  South  Boston,  Mass.  The  new 
Millisec  d-c  relay  has  an  operating 


GRADE  G-7.830 


Phenolite  combines 
high  heat,  flame  and  arc  resistance.  It  is 
recommended  for  exacting  low  loss  elec¬ 
trical  applications  and  for  insulation  in 
transformers,  motors  and  other  applications 
subjected  to  elevated  temperatures. 

For  full  details  call  or  write 


NAflONAL  VULCANIZED  FIBRE  CO 


WILMINGTON  99, 

* 

Offices  in  the 


DELAWARE 
Principal  Cities 


time  as  short  as  i  millisecond.  It 
is  assembled  in  an  hermetically 
sealed  container,  with  an  8-prong 
octal  base,  and  made  in  two  sizes, 
either  single-pole,  double-throw,  or 
double-pole,  double-throw. 


Sync  Signal  Generator  (14) 

Allen  B.  Du  Mont  Laboratories, 
Inc.,  42  Harding  Avenue,  Clifton, 
N.  J.  Model  TA-107  A/B  syn¬ 
chronizing  si^al  generator  fur¬ 
nishes  horizontal  and  vertical  driv¬ 
ing  pulses,  blanking  signals,  and 
composite  synchronizing  signals 
required  by  studio  and  fllm  cam¬ 
eras,  camera  control  units,  monitors 
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HATHJUm 


CHATHAM  2D21  THYRATRON 

A  Xenon  filled  shield  grid  thyratron  for  grid 
controlled  rectifier  service.  Permits  use  of 
high  resistance  in  the  grid  circuit.  Heater 
6.3  volts  .6  amp.  .  .  .  Inverse  peak  plate 
voltage  1300  volts,  100  ma.  average  plate 
current. 


Chatham  also  designs,  develops  ond  manuiactures 
Electronic  Equipment  to  etect  customer  specifications. 
Inquiries  regarding  this  service  ore  invited. 

LCX>K  FOR  US  AT  THE  IRE  SHOW 
BOOTHS  252  and  253 


CHATHAM  5594  THYRATRON 

Xenon  Med  thyratron.  Operates  through  ambi¬ 
ent  temperatures  from  — 55*C  to  +90°  C  with¬ 
out  auxiliary  equipment  to  maintain  bulb 
temperature.  FQ.  2.5  volts.  5.0  amperes.  Peok 
inverse  5000  volts,  anode  current  0.5  amps, 
average.  2.0  amps  peak. 


CHATHAM  866-A  RECTIFIER 

A  rugged  half  wave  Mercury  Vapor  recti¬ 
fier  to  withstand  high  peak  inverse  volt¬ 
ages.  Heavy  duty  filament.  Fil.  2.5  volts, 
5.0  amp.  .  .  .  Peak  inverse  anode  voltage 
10,000  volts,  .25  amp.  average  anode  cur¬ 
rent. 


CHATHAM  394-A  THYRATRON 

A  Mercury  Vapor  and  Argon  filled  thyratron 
for  grid  controlled  rectifier  service  .  .  .  Amb. 
Temp,  range  of  — 40°  C  to  +80°  C,  Heater 
2.5  volts,  3.2  amp.  .  .  .  Peak  inverse  anode 
voltage  1250  volts,  640  ma.  average  anode 
current. 


CHATHAM  872-A  RECTIFIER  • 

A  half  wave  Mercury  Vapor  rectifier  to 
withstand  high  peak  inverse  voltages.. 
Heavy  duty  filament.  Fil.  5  volts,  7.5  amp.* 
.  .  .  Peak  inverse  anode  voltage  10,000 
volts,  1.25  amp.  average  anode  current. 


CHATHAM  2051  THYRATRON 

An  Argon  filled  shield  grid  thyratron’  for 
grid  controlled  rectifier  service.  Permits  use 
of  high  resistance  in  grid  current.  Heater 
6.3  volts,  0.6  amp. . .  Peak  inverse  plate  volt¬ 
age  700  volts.  75  ma.  average  plate  current. 


CHATHAM  885  THYRATRON 

An  Argon  filled  thyratron  for  use  os  a 
sweep  circuit  oscillator  in  cathode  ray  tube 
circuits.  Stable  oscillator.  Heater  2.5  volts, 
1.4  amp.  .  .  .  Peak  forward  plate  voltage 
300  volts,  75  ma.  average  plate  current. 


CHATHAM  17  THYRATRON 

A  Mercury  Vapor  thyratron  for  grid  con¬ 
trolled  rectifier  and  general  application . . . 
rugged  filamentary  cathode.  Fil.  2.5  volts, 
5.0  amp . . .  Peak  inverse  anode  voltage 
5,000  volts,  0.5  amp.  average  anode  current. 


CHATHAM  2050  THYRATRON 

A  Xenon  filled  shield  grid  thyratron  for  grid 
controlled  rectifier  service.  Permits  use  of 
high  resistance  in  grid  current.  Heater  6.3 
volts,  0.6  amp.  .  .  ,  Peak  inverse  plate  volt¬ 
age  1300  volts,  average  anode  current 
100  MA. 


CHATHAM  884  THYRATRON 

An  Argon  filled  thyratron  for  use  as  a 
sweep  circuit  oscillator  in  cathode  ray  tube 
circuits.  Stable  oscillator.  Heater  6.3  volts, 
0.6  amp.  .  .  .  Peak  forward  plate  voltage 
300  volts,  75  ma.  average  plate  current. 


CHATHAM  3628  RECTIFIER 

This  rugged  half  wave  Xenon  filled  rectifier 
will  operate  in  any  position  and  throughout 
an  ambient  tempjerature  range  of  — 75°  C 
to  +90°  C.  Fil.  2.5  volts,  5.0  amp.  ...  In¬ 
verse  peak  anode  voltage  10,000  volts,  .25 
amp.  average  anode  current. 


CHATHAM  1Z2  RECTIFIER 

A  small  bulb  high  voltage  vacuum  rectifier. 
Low  cathode  heating  power  and  low  di¬ 
electric  losses  make  tube  suitable  for  radio 
frequency  supply  circuits.  Fil.  1.5  volts, 
.290  amp.  .  .  .  Inverse  peak  plate  voltage 
20,000  volts,  2  ma.  average  plate  current, 
10  ma.  peak  plate  current. 


CHATHAM  4632  RECTIFIER 

A  rugged  half  wave  Xenon  filled  rectifier. 
Operates  in  any  position  throughout  an 
ambient  temperature  range  of  — 75°  C  to 
+  90°  C  Fil.  5  volts,  7.5  amp.  .  .  .  Inverse 
peak  anode  voltage  10,000  volts,  1.25  amp. 
average  anode  current. 


WRITE  FOR  CATALOGl  The  iniormative  CHATHAM  catalog  con¬ 
tains  complete  information  and  technical  data  covering  CHATHAM 
rectifiers.  For  your  free  copy,  write  on  company  letterhead  today. 


475  WASHINGTON  STREET,  NEWARK  2,  NEW  JERSEY 
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COMMUNICATION  MEASUREMENTS  LABORATORY,  INC."^ 

120  Greenwich  Street  •  New  York  6,  N.  Y.  •  (able:  (OMUNILAB,  New  York 


NEW  PRODUCTS 


(CMtliliKd) 


USED  BY  MAJOR  MANUFACTURERS^ 
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X-Ray  Tube  (Ifi) 

Westinghouse  Electric  Corp., 
Bloomfield,  N.  J.  A  small  x-ray 
tube  designed  for  application  in 
selfcontained  dental,  portable  and 
mobile  oil-filled  equipments  for  low 
current  high  detail  radiographic 
work  features  a  hooded  anode  and 
a  getter.  A  relatively  thin  x-ray 


by  ‘PINPOINTING'  THE  TROUBLE 

•  TO  SPEED  PRODUaiON. 

•  EnabU  Quick  Correction  of 
Rojocfs. 

•  Sovo  Timo  and  Money  all  along 
the  production  line. 

•  Capacity  for  the  biggest  TV 
chassis  or  the  tiniest  midget 
radio. 

•  Pre-tests  sub-assemblies  to  in¬ 
sure  final  assembly  operation. 


with  an  automatic  reset  mechanism 
that  returns  all  switches  to  normal 
at  the  end  of  each  test.  Sockets  for 
all  types  of  tubes  are  provided. 


and  other  telecasting  station  equip¬ 
ment.  Power  consumption  is  680 
watts.  Equipment  conforms  to  all 
RMA  and  FCC  specifications. 


Simpson  Electric  Ck).,  Chicago, 
Ill.  A  new  tube  and  set  te.ster 
model  445  incorporates  the  well- 
known  model  260  meter.  The  tube 
tester  is  the  plate  conductance  type 


HIGH  SPEED  INSPECTION  ~~  Checks  a  circuit  p«r  second.  Up  to  119 
circuits  can  be  checked  for  resistance  to  tolerances  of  5%,  10%  or 
20%  as  required.  Shorts,  open  circuits,  incorrect  wiring  or  resistance 
values  are  detected  and  located  accurately  by  circuit  number. 


QUICK  JOB  SET-UP  — The  Model  1010  Rotobridge  takes  only  about 
15  minutes  to  set  up  and  so  may  be  used  with  great  advantage  on 
either  short  or  long  production  runs. 


NO  SKILL  REQUIRED  —  An  unskilled  operator  can  make  precise  tests  to 
your  highest  engineering  standards  and  specifications  and  merely 
‘ticket*  the  trouble  by  number  for  follow-up  service. 


Tube  and  Set  Te§ler 


(15) 


PROVED  PRODUCTION  TOOL  -  The  result  of 
5  years  of  development  work.  Now  used  by 
some  of  the  major  low-cost  producers  of  tele¬ 
vision  and  radio  receivers. 


PRODUaiON  EXECUTIVES  AND  ENGINEERS: 
Ask  for  doscriptive  litoratur*  and  (if  you  have 
not  olroody  soon  it)  for  a  roprint  of  articio 
ontitlod  "Automatic  Limit  Bridge  for  Production 
Testing"  from  tho  Jan.  1948  ELECTRONICS. 
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The  Pictures  Arrive  in 


Lead-in  lines  play  an  important  part  in  televi¬ 
sion  and  FM  reception.  To  be  sure  of  the  best  per¬ 
formance  of  your  set,  specify* ATV*  lines  for  your 


The  effects  of  attenuation  and  impedance  mis¬ 
match  on  FM  and  Television  reception  are  mini¬ 
mized  by  Anaconda  Type  ATV  leatl-in  lines. 

The  satin-smooth  polyethylene  insulation  of 
Type  ATV  line  sheds  water  readily,  thus  avoiding 
subsequent  impedance  discontinuities. This  mate¬ 
rial  also  has  exceptionally  high  resistance  to  cor¬ 
rosion.  Count  on  Anaconda  to  solve  your  high- 
frequency  transmission  problems— with  anything 
from  a  new  -type  lead-in  line  to  the  latest  ilevelop- 
opment  in  coaxial  cables.  4S447 


Anaconda  ofTers  a  complete  se¬ 
lection  of  Type  ATV  lead-in 
lines  for  75,  125,  150  and  300 
ohms  impedance  unshielded 
and  shielded  lines  of  high  im¬ 
pedance.  For  an  electrical  and  / 
physical  characteristics  hnl-  // 
letin,  write  to  Anaconda  //' 
Wire  and  Cable  Company,  A 
25  Broadway,  New  York  4,  A 
N.Y.  /■ 


25  Broadway,  New  York  4, N.Y. 
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IF  YOU  USE  CUSTOM-BUILT 

TRANSFORMERS 


NIW  PRODUCTS 


(cmKdm^] 


window  can  be  used  because  the 
hooded  anode  reduces  the  electron 
bombardment  of  the  envelope.  In¬ 
formation  is  available  on  several 
tubes  that  make  up  this  new  line. 


TAKE  A  LOOK  AT 
THIS  BULLETIN 

Here’s  help  you  can  use  in  visualizing  magnetic  com¬ 
ponents  to  meet  your  special  requirements.  Time¬ 
saving  forms  make  it  easy  to  specify  your  needs.  Write 
for  it  today. 


RA  YTHEON. 


J  KAYTHKOM  MANUFACTUKINO  COMPANY 
"W!  COMMEACIAL  PRODUCTS  DIVISION 
Jy  WALTHAM  54,  MA55ACHUSMTT5  i 

<  /  Induttrlal  and  Commercial  Elmetronie  C<tulpm0nt,  J 
.  y/  Braadca%t  Equlpmenl,  Tuba*  and  Aeeastorlas  M 


Sates  Offices: 

Atlanta,  Boston,  Chicago,  Cleveland,  Detroit,  New  York,  Washington,  0.  C. 


Circuit  Panel  (17) 

Kepco  Lab(MIATORIES,  Inc.,  142-45 
Roosevelt  Ave.,  Flushing,  N.  Y. 
Model  104  electronic  circuit  panel, 


Eli 


designed  for  fundamental  labora¬ 
tory  experiments,  aids  in  inves¬ 
tigating  the  characteristics  of 
vacuum  and  gas-filled  tubes  as  well 
as  the  circuits  using  these  tubes. 
It  contains  three  octal  tube  sockets 
and  eighteen  binding  posts  mounted 
on  a  panel.  Supplied  with  the  unit 
are  23  keyed  circuit  diagrams  and 
3  master  charts. 


- ) 

(CLIP  THIS  TO  TOUR  LBTTiRHiAO) 

Please  Rush  Our  Copy 
Your  New  Special-Purpose 
TRANSFORMER  BULLETIN 
OL-K-aOl  A 


Lab  Amplifier-SuppressordS) 

Hermon  Hosmer  Scott,  Inc.,  386 
Putnam  Ave.,  Cambridge,  Mass. 
Type  210-A  laboratory  amplifier  is 
supplied  with  a  matched  variable 
reluctance  pickup  cartridge.  The 
amplifier  has  less  than  2  percent 
distortion  at  20  watts  output.  Be¬ 
low  8  watts  distortion  falls  to  un¬ 
der  0.5  percent.  Frequency  range 
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MCGA  MA 


■  II II  . . .  The  MEGA-SWEEP 

The-MEGA-MATCH  wide  range 

F.r  SWEEPING  OSCILLATOR 

VISUAL  DISPLAY  OF 

REFLECTED  ENERGY 


DISPLAYS  PASS  BAND  ^  ^ 

Continuous  irequency  coverage  up 
through  the  color  television  bands  V  J 


e  10  to  250  MC  and  up.  CompUto  toloTislon  and  FM  coTor- 
ago. 

e  Complotoly  oloctionic.  No  olottod  linos,  mooing  parts, 
bridgos.  or  othor  froquoncr  sonsitioo  dooicos  such  as  diroc- 
tional  couplors.  . 
e  Procision  froguoncy  motor. 

e  Sotos  onginooring  timo— Visual  disploy  prosonts  instantly 
data  whi^  would  toko  hours  to  tabulato. 
e  Can  bo  adoptod  lor  balancod  linos. 

Completely  Electronic  _ 

This  uniquo  instrumont  prosonts  a  oisuol  disploy  ol  HErtECTEl> 
OBorgy  OTOr  ony  bond  up  to  30  MC.  By  tho  nso  oi  tho  MEGA¬ 
MATCH  it  is  possiblo  to  instantly  obsorro  ond  moasuro  mis- 
matchos.  Thus  this  instrumont  wUl  diock  transmission  linos, 
ontonnos,  input  cmd  output  impodonco  oi  ampliiiors,  coBTortors, 
troBsformors.  otc. 

Price:  $695  F.O.B.  FACTORY 


Shows  at  a  glonco  tho  rosponso  oi  any  notwork  oi  ampliSor. 
EUminortos  tho  tedious  point  to  point  analysis.  Soros  onginoocfnq 
timo  and  stimulotos  rosooreh.  Voluablo  ior  tolorision  productton 
olignmont 

USES 

Tooting  Tolorision  Systems  and  Compononts 
Tooting  Bador  Systonw  and  Compononts. 

InstruetloBal  Purposos  in  Schools  and  Unlrorsitios. 

Dosigning  Wido-Bond  iJ.  Amplifiors. 

Dotigning  FUtor  Notworks. 

Produetim  Tooting  oi  F.  M.  ond  Toterision  Eg^pmonts. 

As  a  Signal  Sourco  oi  Extraordinory  Bongo  (TJnmatAod  by  any 
oxisting  commorcial  signal  gonorator.) 

As  a  cw  high  iroquoney  osciUotor. 

Soli-contoin^.  Bogulatod,  Powor  Supply — 117  Volt  60  Cyclo. 
OporotioB — Siso  6"  x  17"  x  11" — Woight  U  Pounds. 

FEATURES 

CARRIER  FREQUENCY 

SO  kilocyclos  to  SOO  mogacyclot  A  np. 

FREQUENCY  SWEEP 

From  30  Mogacyclos  to  30  kilocyclot  throughout  the  comploto 
spectrum. 

CONTINUOUSLY  VARIABLE  ATTENUATOR 
LOW  AMPLITUDE  MODULATION  WHILE  SWEEPING 
Loss  than  0.1  DB  per  megacycle. 

PRECISION  WAVEMETER 

Price  $395  F.  O.  B.  Factory 

THE  MEGA-PIPPER 

The  MEGA-PIPPER  is  a  now  production  and  sorrico  alignment 
instrument.  By  tho  use  oi  this  unit  in  conjunction  with  the  MEGA¬ 
SWEEP  or  MEGA-MATCH  it  is  possiblo  to  quickly  crad  accurately 
align  tolorision  rocoirors. 

Tho  MEGA-PIPPEB  giros  tour  precise  crystal  controlled  pips  which 
are  indopondont  oi  tho  circuit  under  test  Those  pips  establish 
tho  picture,  sound  carrier,  and  also  tho  adjacent  channel  points. 
Thus  tho  I4EGA-P1PPER  is  on  instrumont  whi^  will  sore  many 
hours  oi  time  spent  in  olignmont.  No  switching  or  adjustment 
is  necessary  ior  irequency  control. 

Inasmuch  as  the  pips  ore  iod  directly  into  cm  oscilloscopo  tho 
pips  are  risible  at  all  times,  oron  in  the  trops  whore  tho  highest 
procision  is  desired. 

Soli  contained  powor  supply. 

Woight  15  lbs.  Siso  8  x  16  x  8.  Price  $150.  F.03.  iactory. 


THE  MEGA-MARKER 


•  Precision  rorioblo  marker  oscillotor  haring  a  range  oi  19  to  29 
mogocyclos  ior  tho  tolorision  L  L  band. 

•  Crystal  oscillotor  ior  tho  FM  I.  i.  band  (10.7  me.) 

A  largo  easily  road  dial  proridos  oror  12  inches  oi  calibrated 
scale  longdt.  Thus  it  may  bo  road  to  occuroeios  oi  0.02  mogo¬ 
cyclos. 

Included  in  tho  MEGA-MAREER  is  a  crystal  controlled  oscillator 
which  proridos  accurate  chock  points. 

Tho  MEGA-MARKER  is  o  raluablo  oceossory  for  FM  and  tolorision 
oppUeatioBS  oi  the  MEGA-SWEEP  and  BEEGA-MATCH. 

For  abeoluto  stability  tho  rogulotod  powor  supply  oi  tho  MEGA¬ 
SWEEP  oi  tho  HEEGA-MATCH  to  used. 

Woight  5  lbs.,  Siso  7  x  10  x  8,  Price  $80U)0  F.OJ.  iactory 


THE  MEGA-PULSER 


Recently  dorolopod  instrument  ior  goBoroting  ultro-short  pulses. 
Its  pulse  characteristic  (shortest  pulse)  to  0.05  Micro-seconds  in 
loB^  with  a  Hat  top  oi  0.03  micro-seconds  duradon.  Impedance 
lorol  75  ohms.  F^too  Amplitude  to  150  rolts. 


KAY  ELECTRIC  COMPANY 


PINE  BROOK,  NEW  JERSEY 


23  MAPLE  AVENUE 


Telephone  CAIdwell  6-3770 
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by  using  these  NEW  RAJCON 
SPEAKERS  and  HORN  UNITS 


Right— NEW  RADIAL  RE-CNTRANT  SPEAKER, 
excellent  for  all  types  of  industrial  sound  installa¬ 
tions,  provides  superlative  and  complete  360**  speech 
intelligibility  by  efficiently  over-riding  factory  high 
noise  levels.  Frequency  response  300-6000  cps. 
Handling  capocity  25  watts  continuous,  35  w.  peak. 
Has  mounting  bracket.  Size  12"  wide  by  12  H" 
high. 


Left  —  NEW  SMALL  RE-ENTRANT  HORNS, 
extremely  efficient  for  factory  inter-com  and  pag¬ 
ing  systems;  for  sound  trucks,  R.  R.  yards  and  all 
other  industrial  installations  where  high  noise  levels 
are  prevalent.  Watertight,  corrosion-proof,  eosily 
installed.  Two  new  models — type  RE-1  1/2,  com¬ 
plete  with  Baby  Unit,  handle  25  watts,  covers 
300-6000  cps;  type  RE-12,  complete  with  Dwarf 
Unit,  handles  10  watts,  has  freq.  response  of 
400-800  cps. 


Right— NEW  SPECIAL  PM  HORN  UNIT,  having 
Alnico  V  magnet  ring  completely  watertight,  housed 
in  a  heavy  aluminum  spinning.  Provides  extremely 
high  eHiciency  reproduction  with  minimum  input. 
Handling  capacity  35  watts  continuous,  60  w.  peak. 


To  the  more  them  60  diiierent  type  and  eize  speakers  cmd  horn  units  that  already  com¬ 
prise  the  BACON  line — these  new  models  hove  been  odded.  There  is  a  BACON  speaker 
cmd  horn  unit  ideal  lor  every  conceivable  sound  system  application.  BACON  hen  not 
only  the  most  complete  line,  but  olso  has  the  most  preferred  line.  For  over  20  years  lead¬ 
ing  Soundmen  have  recognized  and  specified  them  because  of  dependability,  efficiency 
cmd  low-cost,  and  because  the  reproducers  are  trouble  proof. 

BACON  ELECTRIC  CO.,  INC. 

52  f.  I»th  St,  N«w  Totk  3,  N.  Y.  *•'  doetibing 

RACON'S  Horns. 

Speakers,  Units,  Accessories, 


namic  noise  suppressor  response 
is  flat  to  10,000  cycles.  Bass  and 
treble  tone  controls  are  provided. 
For  a-m  reception  a  whistle  filter 
can  be  switched  in. 


Radiation  Meter  (19) 

VicTOREEN  Instrument  Co.,  5806 
Houjrh  Ave.,  Cleveland  3,  Ohio.  The 
portable  247 A  gamma  ray  survey 
meter  is  the  ionization  chamber 


type  that  is  hermetically  sealed  and 
watertight.  Four  ranges  of  sensi¬ 
tivity  are  provided  to  allow  full- 
scale  readings  of  2.5,  25,  250,  and 
2,500  milliroentgens  per  hour.  To¬ 
tal  weight  of  the  rugged  instru¬ 
ment  is  111  pounds. 


Wire-Wound  Resistors  (20) 

Clarostat  Mfo.  Co.,  Inc.,  130  Clin¬ 
ton  St.,  Brooklyn,  N.  Y.  announces 
the  Greenohm  Juniors,  ceramic- 
cased  midget  wire-wound  resistors 
for  small  spaces  and  for  facilitat¬ 
ing  point-to-point  wiring.  Stand¬ 
ard  type  C7GJ  is  rated  at  7  watts, 
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A  NEW  HIGH  FOR  EXTRUDED  VINYL  TUBING 

Notvar  400  now  has  "four  ridges  equally  spaced  around  the  circumference,  and 
running  the  length  of  the  tubing.*  This  marking  was  specified  by  Underwriters' 
Laboratories  to  distinguish  it  from  tubings  limited  to  lower  temperatures. 

It  may  now  be  safely  used  in  many  applications  instead  of  varnished  sleeving, 
with  great  savings  in  material  and  labor  costs  and  reduced  waste. 

More  and  more  users  of  extruded  tubing  are  standardizing  on  Notvar  400 
because,  in  addition  to  its  remarkable  heat  and  oil  resistonce,  it  is  well  balanced 
in  other  properties.  E.  T.  L.  ond  Underwriters'  reports  are  available  on  request. 


Notvar  Products 

e  Varnished  cambric— straight  cut  and  bias 
e  Varnishod  cable  tape 
e  Varnished  canvas 
e  Varnished  duck 
e  Varnished  silk 
e  Varnished  special  rayon 
e  Varnished  Fiberglas  cloth 
e  Silicone  coated  Fiberglas 
e  Varnished  papers 
e  Varnished  tubings  and  sleevings 
e  Varnished  identification  nrarkers 
e  Lacquered  tubings  and  sleevings 
e  Extruded  vinyl  tubing 
e  Extruded  vinyl  identification  markers 

Ask  for  Catalog  No.  21 


THE  N^ML.  VARNISHED  EI^HCTS 


TELEPHONE 
RAHWAY  7-2171 


CAtlE  ADDRESS 
NATVAR:  RAHWAY,  N.  J. 


201  RANDOLPH  AVENUE 
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or 

plastic 

parts 


with 

NOBLEWEST 

rapid 

production 

marking 

machines 


now 


Are  you  using  nxxlern  methods  and  equipment  for  marking  the  products 
you  manufacture?  Right  now  Noblewest  Rapid  Production  Marking  Machines 
are  stepping  up  production  and  saving  money  for  leading  manufacturers  of 
electronic  products  and  their  component  parts.  For  example,  Model  No.  246, 
shown  above,  is  tool^  for  marking  G£  capacitors.  The  inscription,  shown 
at  right,  being  permanently  roi/ed  in,  lasts  as  long  as  the  produa  itself. 
Noblewest  equipment  can  be  used  for  marking  meul,  plastic,  hard  rubber, 
etc.  Marking  speeds  are  practically  unlimited.  Every  Noblewest  Marking 
Madiine  is  engineered  to  meet  your  specific  requirements,  and  backed  by  the 
skill,  experience  and  facilities  of  the  world’s  leading  manufacturer  of  rapid 
production  marking  equipment.  Whatever  your  marking  problem,  Noble¬ 
west  engineers  will  be  glad  to  make  time  and  money  saving  recommendations 
without  obligation  to  you.  A  copy  of  our  new  catalog  on  Modern  Marking 
Methods  will  be  sent  upon  request.  Write  to  Noble  &  Westbrook  Manufac¬ 
turing  Company,  27  Westbrook  Street,  East  Hartford  8,  Conn. 
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NEW  PRODUCTS  (CMtiawd) 


and  is  available  in  values  from 
practically  z*ero  to  6,000  ohms  max¬ 
imum;  smaller  type  C4GJ  is  rated 
at  4  watts,  with  maximum  resist¬ 
ance  of  1,000  ohms. 


Log  Scale  Megohmmeter  (21) 

MACLEOD  &  Hanopol,  Charlestown 
29,  Mass.  Logarithmic  scale  dis¬ 


tribution  of  this  direct-reading 
megohmmeter  gives  the  same  ac¬ 
curacy  over  the  whole  range  of  1 
to  100,000  megohms,  covered  by  six 
decade  steps.  Range  can  also  be 
extended  to  1,000,000  megohms. 

Projection  Television 
Components  (22) 

Spellman  Television  Co.,  2898 
Jerome  Ave.,  New  York  58,  N.  Y. 
The  30  kv  r-f  power  supply  illus¬ 
trated  has  a  low  voltage  supply 
separate  from  the  high  voltage 
pack.  Voltage  can  be  varied  from 


Morcft,  ;94<— ELECTRONICS 


I 


•  •  .  perhaps,  but  they  are  more 
evidence  of  SPRAGUE  LEADERSHIP! 


Now,  for  the  first  time,  this  same 
practice  will  •allow  capacitor  manu* 
facturers  the  many  advantages  of 
standardized  production — advan* 
tages  which  we  feel  will  be  cumula* 
tive  through  the  years. 

In  the  firm  conviction  that  these 
steps  toward  standardization  will 
prove  mutually  beneficial,  Sprague 
Electric  Company  solicits  your  co¬ 
operation  and  invites  your  inquiries 
for  information,  samples  and  applica¬ 
tion  data  concerning  the  new 
SPRAGUE  MOLDED  TUBULAR 
CAPACITORS.  WRITE  FOR  ENGI¬ 
NEERING  BULLETIN  NO.  210A. 


N«w  Pfc«no/jc-/Mofd«cl  Spragu* 
Tubular  Capoc/fors  Produced  in 
Dueadu  Rongos  and  Cofor-Cododf 

With  the  recent  introduction  of  its 
sensational  new  molded  tubular  ca¬ 
pacitors,  Sprague  now  announces 
standardized  capacities,  and  color¬ 
coding  for  ready  identification  of 
these  new  units.  For  example,  start¬ 
ing  with  the  number  1,  the  next  num¬ 
bers  in  the  20%  tolerance  decade  are 
1.5, 2.2, 3.3, 4.7, 6.8  and  on  back  to  10. 

Established  decade  ranges  and 
color-coding  have  proved  their  ef¬ 
ficiency  and  acceptability  in  the  re¬ 
sistor  industry  over  a  period  of  years. 


Highly  h*at-  and  moittura-radstant  •  Non- 
Inflommablo  •  Consarvatlvoly  ratod  for 
— 40*C.  to  •5*C.  oporotlon  •  Small  In  tlxo 
Complotoly  Insulatod  •  Mochanlcally  ruggod 
Modoratoly  pricod. 

SPRAGUE  MOLDED  TUBULAR  CAPAOTOR  COLOR  CODE 


Buck 


Brown 


Orangel 


Yellow 


violet 


1st 

BAND 


SIcDlflcant 

Number 


2nd 

BAND 


Decimal 


BAND 


Multiplier 


BAND 


RESERVED  FOR  ARMED  SERVICES 


BAND 


6lh 

BAND 


7th 

BAND 


mlflcant 

lumber 


SPRAGUE  ELECTRIC  COMPAHY  North  Adams,  Mass 
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NEW  PRODUCTS  (cMtinu«4) 

12  to  40  kv.  A  focus  control  is  pro¬ 
vided  for  use  with  type  6TP4  pro- 
jection  tube.  Other  components 
include  projection  lens,  movable 
stand,  for  equipment,  and  a  number 
of  screens. 


Th«  spacial  physical  dasign 
or  spacial  alactrical  char- 
actaristic  transformers  you 
may  naed'can  probably  ba 
anginaerad  from  Acma 
Elactric  standard  lamina¬ 
tions  and  parts  to  the  exact 
mechanical  dimensions  and 
electrical  performance  re¬ 
quired.  No  need  for  special 
dies,  tools  or  other  expan¬ 
sive  production  materials. 
Hare  are  a  few  of  the  Acma 
Electric  designs  available. 


Combustion  Control  (23) 

General  Electric  Ck).,  Schenec¬ 
tady  5,  N.  Y.  A  new  photoelectric 


combustion  control  system  for  com¬ 
mercial  oil  burners  comprises  mas¬ 
ter,  phototube,  and  electrode  units. 
The  system  shuts  off  fuel  flow  im¬ 
mediately  if  oil  fails  to  ignite  or 
if  the  flame  is  extinguished  after 
successful  ignition.  Write  for 
bulletin  GEA  4779. 


Mounting  typo  100. 
Avoitablo  in  ratings 
from  3  to  40  VA. 


Mounting  typo  110. 
Avoitablo  in  ratings 
from  35  to  2500  VA. 


Voltage  Reference  Tube  (24) 

Radio  Corp.  of  America,  Harrison, 
N.  J.  Type  5651  miniature  glow- 
discharge  tube  maintains  a  d-c  op¬ 
erating  voltage  of  87  volts,  and 
has  an  operating  current  range  of 
1.5  to  3.5  milliamperes.  Operating 


Mounting  typo  130,  2  holo 
horizontal  mounting  load 
holos  on  bottom  or  sido  of 
sholl.  Ratings  15  to  100  VA. 


Mounting  typo  150.  4  holo 
horizontal  mounting.  Load 
holes  on  bottom  or  sido  of 
sholl.  Primary  tap  changer 
on  top.  Ratings  35  ta 
500  VA. 


Mounting  typo  121. 
Available  in  ratings 
from  35  to  2500  VA. 
Taps  to  suit  your 
needs. 


Mounting  typo  131  with 
end  bolls.  Loads  out  bot¬ 
tom  or  sido.  Ratings  35 
to  500  VA. 


Writa  for  Specification  Transformer  Bulletin  168 


ACME  ELECTRIC  CORPORATION 

31  WATER  STREET  ♦  ♦  ♦  CUBA,  N.  Y. 
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IN  SOME  INSTANCES 


1«AD(  MARK  RtbiSTCRCO  U  S  PATENT  OfTICE 


IHSULATORS  ARE 


/oi^esfih  cost 


Some  types  of  insulators  con  be  produced  by  Alsimag  at 
very  lovr  cost.  Our  files  shovr  many  instances  where  Alsimag 
insulators  are  used  simply  because  they  are  the  lowest  cost 
insulators  that  will  do  the  job. 

This  comes  as  a  surprise  to  many  engineers  and  purchas¬ 
ing  agents.  They  know  that  Alsimag  materials  are  expensive, 
that  Alsimag  parts  have  dimensional  accuracy  and  uniformity 
which  facilitates  assembly,  that  Alsimag  has  great  mechanical 
strength,  permanent  rigidity,  that  it  will  not  char  or  form 
electrical  conduction  paths  and  that  it  has  a  far  greater 
dielectric  efficiency  than  most  insulating  materials.  There¬ 
fore  it  is  natural  that  they  would  think  that  Alsimag  compo¬ 
nents  would  be  more  expensive... However,  in  some  instances, 
the  greater  cost  of  the  Alsimag  materials  is  more  than  offset 


by  production  savings.  Certain  sizes  and  designs,  usually  small 
and  relatively  simple  shapes,  are  produced  in  quantity  on 
automatic  production  equipment  at  such  low  production  cost 
that  the  final  price  is  highly  competitive.  Many  materials  com¬ 
monly  regarded  as  “cheap"  are  actually  more  expensive  in 
first  cost  because  those  cheap  materials  do  not  lend  them¬ 
selves  to  economical  manufacturing  processes. 

This  advertisement  is  not  an  announcement  of  "bargain" 
prices.  The  Alsimag  price  structure  remains  unchanged.  It  is 
simply  a  statement  of  fact  and  an  invitation  to  submit  your 
insulator  problems  to  Alsimag  for  cost  and  design  analysis. 
You  may  be  surprised  to  find  Alsimag  production  efficiency 
enables  you  to  buy  superior  insulators  at  a  price  competitive 
with  materials  which  you  have  always  thought  of  as  "cheap." 


AMERICAN  LAVA  CORPORATION 


CHATTANOOGA  5,  TENNESSEE 

SAUS  OffICtS:  ST.  LOUIS.  MO  .  R  H.  CeiMf,  Teh  Gatfield  4959  •  CAMBRIDGf,  MASS.,  J.  f  Morse.  Tel  Kiiklend  4498  •  NfWARK,  N.  J .  I.  H  Mills,  Tel  Milchell  2  8159  •  PHILADflPHIA 
S.  J.  McDowell.  Tel;  Slevenson  4  2823  •  CHICAGO.  W.  £  Glesby.  Tel  Cenitil  W21  •  SAN  TRANtlSCO.  f  S.  Huisl.  Tel.  Douglas  2464  •  LOS  ANGLtES,  1.  W  TIiompson.Tel  Mulual  9076 


NEW  PRODUCTS  (CMtiaMd)" 


5,500  cycles.  Either  model  supplied 
with  or  without  switch  has  a  quick- 
lock  base  so  that  it  can  be  used  as 
hand  or  desk  mike  or  mounted  on 
a  floor  stand. 


^  i 

* 

«M%t  .  j 


March,  1948— ELECTRONICS 


Modulator  Unit  (27) 

Bee-Bee  Electronic  Co.,  2692  W. 
Pico  Blvd.,  Los  Angeles  6,  Calif. 
The  model  500  narrow-band  f-m 
modulator  unit  is  a  reactance  tsrpe 
designed  for  direct  coupling  to  the 


10-Kw  R-F  Generator  (26) 

Westinghouse  Electric  Ck)RP.,  306 
Fourth  Ave.,  Pittsburgh  30,  Pa. 
Designed  specifically  for  the  wood¬ 
working  industry,  the  new  10-kw 
r-f  generator  operates  semi-auto- 
matically.  A  single  front  panel  con¬ 
trol  allows  adjustment  for  large 
changes  in  electrode  size.  The  gen¬ 
erator  is  available  in  5  and  13.6-mc 
units  that  operate  on  230  or  460 
volts,  three-phase,  60-cycle  current 


Photo  shows  actual  size  of  this  now,  unique 
photo-conductivo  tube  now  the  ntost  talked 
About  item  in  the  tube  industry. 


ADVANTAGES 
^  Miniature  and  sub-miniature  sizes  available. 

Infra-red  sensitivity  up  to  3  Mu 
'  Better  frequency  response 

it  Technical  perfection,  plus  steady  performance 


CONTINENTAL’S  new  lead  sulphide  cell  is  the  most 

revolutionary  development  ever  accomplished  in  photo  cell 
manufacturing  history.  Nothing  like  it  has  ever  been  success¬ 
fully  advanced  before.  Ultra  compact — it’s  the  smallest, 
practical  tube  ever  made.  Continental  now  offers  it  on  a 
straight  production  schedule,  the  consistent  high  quality  of 
each  tube  being  positively  assured.  You  can  use  this  exclusive 
Continental  item  with  much  less  supplementary  equipment. 
It  will  mean  a  large  economy  because  you  save  greatly  on 
space  and  materials.  This  ^^Mighty  Midget”  does  work  com¬ 
parable  with  tubes  3  and  4  times  its  size  with  no  sacrifice  in 
high  response  or  sensitivity.  Our  engineers  are  ready  to  tell 
you  how  this  “Mighty  IVIidget”  can  go  to  work  for  you.  Wire 
or  write  us  today. 


Continontal  Uodorship  in  Iho  photo  lubo  Hold  hot  boon  ocknowlodgod 
for  and  wido.  Monufocturort  of  Top  Notch  Motion  Picturo  Sound  Equip- 
mont.  Coin  Oporotod  Dovico*,  Eloctronic  Toy*,  Counting  Oovicot,  Auto¬ 
matic  Pilot*  for  Aoroplano*  and  Root*,  Rurglor  Alarm*,  Firo  Ootoction 
Apporatu*  and  othor*  have  porfoctod  thoir  mochino*  and  kopt  oporo- 
tion*  *mooth  and  con*i*tont  with  Conlinontal'*  highly  onginoorod  tubo*. 
Wo  aro  intoro*tod  in  Iho  unutuol  and  difficult  and  will  wolcomo  a  chal- 
longo  on  your  own  tubo  problom. 


1 

1 


1 


NiEASORt  SONIC 


ST  ANTLY 


VISU  Al*-* 


Used  effectively  in  industrial  laboratories  fot 
checking  the  speed  of  rotating  objects  and  for  cali¬ 
brating  or  checking  tachometers,  measuring  natural 
frequencies,  and  calibrating  oscillators,  impulse 
generators  and  similar  equipment.  With  the 
Stroboconn,  you  can  speed  up  the  job  with  full 
assurance  of  accurate  results. 

A  Notable  Achievement 
in  Sonic  Research 

The  StrobcKonn  is  essentially  a  logarithmic  frequency 
meter  of  the  Stroboscopic  type,  having  an  accuracy 
of  frequency  determination  of  0.05%,  in  the 
continuous  range  of  32  to  4070  cycles  per  second. 
Ultra-sonic  frequencies  may  be  reduced  to  Stroboconn 
range  by  use  of  a  frequency  divider.  The  logarithmic 
scale  is  particularly  advantageous  in  measuring 
ratios  of  two  frequencies,  with  or  without 
regard  to  the  actual  frequencies  involved. 

In  use,  the  quantity  to  be  measured  is  converted  into 
an  audio  signal,  amplified  and  fed  to  a  discharge 
tube  that  produces  flashes  of  light  at  the  audio  rate 
involved.  A  dial  reading  indicates  the  frequency  of 
the  input  signal.  Send  for  free  folder  and  further 
information  concerning  the  Stroboconn’s  adapt 
bility  to  your  particular  problem. 


PROVED  PERFORMANCE 

Among  Stroboconn  users  are  Harvard  University, 
Bell  Aircraft  Corp.,  and  Hamilton  Standard  Propel¬ 
lers.  During  the  War,  this  instrument  was  used  as  a 
standard  for  checking  equipment  in  the  Army  Air 
Forces  Power  Plant  Laboratory,  at  Wright  Field. 


•  Seeeef  ^  *po(den. 

Gives  more  complete  information  about  operation 
and  application  of  this  amazing  precision  / 

instrument.  No  obligation.  / 

CONN  BAND  INSTRUMENT  DIVISION  / 


C.  G.  CONN  LTD.,  DEPT.  312 
ELKHART,  INDIANA 
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Present  3  dean-cut 
Advantages 

1.  EXTREME  UNIFORMITY 

2.  SUPERIOR  STAKING  QUALITIES 

. . .  ends  will  roll  without  splitting. 


3.  BETTER  FOR  MOLDED  PARTS 

. .  closed  end  keeps  compound  out. 


If  you  use  pins  for  vacuum  tubes,  adapters, 
fluorescent  lamps,  plugs,  or  electrical  equip¬ 
ment  of  any  kind,  the  chances  are  you’ll  save 
time,  money  and  rejections  by  using  these  super- 
siTUx>th,  seamless,  patented  Radio  Pins.  They  are 
available  in  a  wide  variety  of  styles  and  sizes, 
with  staking  end  either  closed  or  open.  For  a 
quotation,  simply  send  a  sketch,  sample  or  de¬ 
scription  and  state  the  quantity  you  need. 

Radio  or  Radar  Equipment? 

In  addition  to  Radio  Pins, 
we  produce  large  quanti¬ 
ties  of  top  caps,  base  shells 
and  adapter  shells  for  vac¬ 
uum  tubes;  also  a  wide  va¬ 
riety  of  other  metal  prod¬ 
ucts  including  deep  drawn 
shells  and  cups,  blanks  and 
stampings,  ferrules,  grom¬ 
mets,  washers,  vents,  fasten¬ 
ers— and,  for  almost  every 
manufacturing  require¬ 
ment,  the  world’s  largest 
assortment  of  eyelets, 


THE  AMERICAN  BRASS  COMPANY 

Waterbuiy  Brass  Goods  Branch 

General  Offices:  Waterbury  88,  Conneaicut 
Subsidiary  of  Anaconda  Copper  Mining  Company 
In  Canada:  Anaconda  AMERICAN  Brass  Ltd.,  New  Toronto,  Ont. 


NEW  PRODUCTS  (continutd) 

vfo  or  crystal  socket  of  a  conven¬ 
tional  crystal-controlled  pentode  or 
triode  oscillator. 

I 


Multi-Purpose  Tester  (28) 

Simpson  Electric  Co.,  Chicago, 
Ill.,  announces  the  new  model  1005 
Electrical  Laboratory,  a  test  unit 
combining  the  functions  of  over  60 


separate  instruments.  It  is  adapt¬ 
able  for  testing  all  electrical  ap¬ 
pliances,  small  motors,  circuits, 
radio  sets  and  the  like.  Size  is  ap¬ 
proximately  34  X  17  X  9  inches; 
and  weight,  37  lb. 


Transformers  (29) 

United  Transformer  Corp.,  150 
Varick  St.,  New  York  13,  N.  Y.  A 


new  series  of  commercial  grade 
transformers  includes  audio  com¬ 
ponents,  input  transformers,  modu¬ 
lation,  power,  and  filament  trans¬ 
formers.  They  are  fully  described 
in  catalog  PS-408. 


Dielectric  Heater  (30) 

Sherman  Industrial  Electronics 
Co.,  Inc.,  503  Washington  Ave., 
Belleville  9,  N.  J.  Sieco  heater  type 
SD-15  for  heating  plastic  preforms, 
drying  cloth,  or  setting  glue  has  a 
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The  New  Thordarson 
Catalog  Is  Now  Avail¬ 
able,  Send  for  YoOr 
Copy  Today. 


Manufacturing  Quality  Elactrica!  Equipmant  Sinca  1495 

500  WEST  HURON  CHICAGO  10,  ILLINOIS 

A  Divition  of  Moguira  Indwatria* 

Export  —  Scheel  International  Inc. 
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DEPENDABILITY 
AND  VERSATILITY 
FOR  INDUSTRY 


1.  LOW  VOLTAGE  -  LOW  CURRENT 


2.  LOW  VOLTAGE  •  HIGH  CURRENT 


3.  HIGH  VOLTAGE  •  HIGH  CURRENT 

4.  HIGH  VOLTAGE  -  LOW  CURRENT 


WHERE  QUALITY  IS  A  NECESSITY... 


PHOTO  FLASH  POWER  SUPPLY 


Here  is  another  Thordarson  FIRST... a  typical  example  of 
Thordarson  engineering  skill  that  has  helped  established 
leadership  in  the  field.  This  circuit  features: 


OUR  ENGINEERING  STAFF  IS  AVAILABLE  TO 
SOLVE  YOUR  PROBLEMS  FOR  YOU  UPON  REQUEST 

Whatavar  your  position  in  tha  flald  of  alactronict  Thordorson  con  sarve 
you  battar.  Our  lorga  voriaty  of  stock  typas  All  almost  avary  naad.  For 
axtroordinory  conditions,  sand  us  your  problams  and  our  anginaaring  staff 
will  coma  up  with  tha  right  onswars. 


Thordarson  has  the  answers  to  many  electrical 
problems  that  daily  confront  industry.  With  a 
background  of  over  25,000  active  specifications 
in  their  files,  built  up  over  53  years  of  leadership 
in  the  field,  Thordarson  supplies  the  leaders 
with  their  large  variety  of  stock  types  of  trans¬ 
formers  as  well  as  the  hundreds  of  special  types 
built  to  customer  specifications  or  resulting  from 
recommendations  of  our  own  engineers  upon 
studying  the  various  requirements  submitted  to 
them  by  industry. 


With  this  background,  you  know  that  your 
Thorardson  equipment,  purchased  from  stocks  of 
a  jobber  or  directly  under  special  specifications, 
is  of  top-notch  quality  —  sure  to  deliver  un¬ 
matched  performance.  If  you  require  the  best, 
there  is  no  unit  either  too  large  —  or  too  small 
that  Thordarson  can't  deliver. 


a  A.C.  Lina  ar  Partabla  Battary 
OparatiaN 

•  CfcargiRK  Tima  — 10  ta  15  Sacands 
a  A.C.  Um  Battary  Racharga  Faatura 

a  Ught  Cowpact  Law  Drain  Pawar 
Transfannar 


a  Pawar  Supply  Oatput  — 2250  V.D.C. 
a  Storaga  Candansar  Dalivars  75  Watt- 
Sac.  Enargy  Elamant 
a  AdaptaMa  Triggar  Circiiits  for  2  ar 
STabas 

a  CaM  Catfiada  Ractifiars  Employad  in  a 
Valtaga  Baubling  Circait 


thordarson 


For  installing  metal 
industrial  electron  tubes 
on  non-insulated  surfaces 


NEW  PRODUCTS 


(cMtinMd) 


continuous  output  of  15  kw  and 
features  pushbutton  operation.  No 
tuninsT  or  other  manual  adjustments 
are  required.  Frequency  of  opera¬ 
tion  is  27  me. 


50-kw  Heater  (31) 

Westinghouse  Industrial  Elec¬ 
tronics  Division,  Plant  4,  Balti¬ 
more  3,  Md.  A  50-kw  450-kc  r-f 


Amphenol  tube  motutt  omd  stand-off  insulators  efficiently  mount 
Thyrotron  173,  and  similar  metal  industrial  electron  tubes,  on  non- 
insulated  surfaces.  Secure  moimting  and  highest  quality  insulation 
ore  assured. 

The  use  of  steatite  dielectric  guarantees  excellent  heat  resisting 
quolitiee,  low-loss  and  high  mechanical  strength.  Surface  creepage 
Stances  of  2'  safely  accommodate  high  voltages.  Exposed  portions 
of  stand-offs  are  glased  to  facilitate  cleaning  in  dusty  industrial 
plants. 

Types  with  steatite  feed-thru  bushings  allow  wiring  back  of  the 
supporting  panel.  Additionally,  these  insulators  serve  as  tie  points, 
or  feed-thni  insulators,  for  tube  element  connections,  or  for  passage 
of  high  voltage  circuits  through  panels  or  compartment  walls.  Com¬ 
plete  electrical,  mechanical  and  pricing  data  immediately  available 
on  request.  Write  for  it  today. 


generator  and  two-position  work 
table  are  available  for  production 
heating  jobs  such  as  hardening 
gears  and  automotive  parts.  The 
generator  operates  on  230/460  volt 
3-phase,  60-cycle  current. 


TNESE  FEATURES  ASSURE  TOP  PERFORMANCE 

•  Mo\mts  in  small  panel  area 

e  Adequate  clearance  between  tube  and  panel 
permits  cooling  by  convection 

•  Wing  nut  connections  simplify  ossembly  and 
wiring  maintenance 

e  Steatite  dielectric 


Variable  Speed  Motor  (32) 

Guernet  Electrical  Machinery, 
Inc.,  Box  196,  Meriden,  Conn.  De¬ 
signed  to  maintain  constant  maxi¬ 
mum  torque  at  all  speeds,  a  new 
motor  with  i  hp  rating  is  variable 
from  1,600  to  6,000  rpm.  A  lever 
at  the  side  of  the  motor  stops  and 
starts  the  motor  and  mechanically 


Amphenol  tube  motmts  and  stond-ofi  iztsulators  ore  designed  for  use 
widt  the  following  metal  tubes:  GL-414.  Fai72.  FG-280.  FG-190, 

FG-166.  ELC16I.  EL60B,  EU6F. 

AMERICAN  PHENOLIC  CORPORATION 

1830  S.54th  AVE.,  CHICAGO  50JLLIN0IS 

cmiu  CAILES  ANI  CONNECTOIS  •  INDBSTIIAL  CONNECTOIS,  FITTINSS  AND 
CINDIIT  •  ANTENNAS  •  lADIO  COMPONENTS  •  PLASTICS  Fll  ELECTIONICS 
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PERMANENT! 

MAGNETS! 


You  would  find  it  hard  to  set  a  requirement  OD 
Arnold  magnets  that  is  not  already  exceeded  in 
our  regular  production  procedure. 

All  Arnold  products  are  made  on  a  basis  of 
100%  quality-control  at  every  step  of  manufaaure. 
These  rigidly  maintained  standards  cover  all  physi* 
cal,  magnetic  and  metallurgical  characteristics.  .  . 
you  can  place  complete  confidence  in  the  uniform- 
ity  and  dependability  of  Arnold  Permanent  Mag¬ 
nets,  and  their  resultant  performance  in  your 
assemblies. 

Remember,  too,  that  Arnold’s  service  covers 
all  types  of  permanent  magnet  materials,  any  size 
or  shape  of  unit,  and  any  field  of  application.  Our 
engineers  are  at  your  command — ^write  us  direct 
or  ask  any  Allegheny  Ludlum  representative. 


Subsidiary  of 

ALLEGHENY  LUDLUM  STEEL  CORPORATION  S 
147  East  Ontario  Street,  Chicago  11,  Illinois 

Speciallsfs  and  Loaders  in  the  Design,  tngineering  and  HiUmufatture  of  PBtMANiNT  MAGNCTS 
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TIm  No.  90(11  RF  Amollfior  it  Hio  tamo  wnM  at 
otod  in  Rio  No.  90(10  compioN  9-^1(^20 
motor  Ham  Rand  crytlol  controilod  IrantmHtor. 
Con  bo  ponoi  or  boto  moontod.  Utot  (39R 
or  3E29  twbo  wMi  normal  75  watt  output. 
(High or  output  may  bo  obtainod  by  Hio  uto  of 
forcod  coaling.)  Frovitiont  aro  modo  for  qwicii 
bond  thift  by  moant  of  ttio  now  4(000  lorioi 
high  frtgMoiicy  plug>in  coilt.  Extromoly  com¬ 
pact.  Chattit  4“  X  TVt"  oxclutivo  of  flangot. 
Ovor  oil  hoight  6%". 


NEW  PRODUCTS  (continued) 

controls  a  pair  of  centrifugal  vib¬ 
rating  contacts  that  accomplish  the 
speed  variation. 

Control  Unit 

General  Electric  Co.,  Schenectady 
5,  N.  Y.  A  new  packaged  ampli- 
dyne  control  unit  for  applications 


precision- 

fobricoteo 

MIS 


90811  HIGH  FREQUENCY 

DB  ARAB!  IBIBB 


MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


where  speed,  current,  or  voltage 
regulation  are  required  is  now 
available.  Indicating  instruments 
are  provided  for  ease  in  adjustment. 


New  Chassis 

E.  F.  Johnson  Co.,  Waseca,  Minn. 
A  new  line  of  chassis  is  so  formed 
that  no  overlaps  occur  at  the  cor¬ 


ners.  The  feature  permits  locating 
holes  for  volume  controls  and  tog¬ 
gle  switches  all  the  way  up  to  the 
corners.  Rigidity  is  insured  by 
welded  tie  bars  on  the  inside  of 
the  turned  under  bottom  edge. 


Servicing  CRO  ^35) 

Hickok  Electtrical  Instrument 
Co.,  10527  Dupont  Ave.,  Cleveland 


QUALITY  and  SERVICE 
AT  A  PRICE 
THAT’S  RIGHT 


With  more  and  more  manufacturers 
switching  to  plastic  parts  to  improve 
the  appearance  and  performance  of 
their  products,  it  is  significant  that  so 
many  look  to  SillccKks-Miller  for  the 
quality  and  service  they  want.  This 
organization  of  specialists  is  recog¬ 
nized  throughout  the  industry  for  its 
skill  in  fabricating  plastic  parts  to 
close  tolerances  and  its  reputation  for 
unvarying  quality.  With  complete 
facilities  to  meet  your  requirements 
...  no  matter  how  large  or  small . . . 
SillccKks-Miller  offers  you  the  depend¬ 
able  source  you  want  for  plastic  parts 
and  service,  at  a  price  that’s  right. 

Write  tor  illustrated  booklet  or  phone 
South  Orange  2-6 1 71  tor  quick  action. 


THE  SIllCOCKS-MILlER  CO 
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PLASTICON  HIVOLT  SUPPLIES 

High  Voltage  -  Low  Current  DC  Power  Supplies 


ToleTiaion — Radiation  Counton — ^Photoflosh  DotIcoo — DectrostoRc  Proc4>it<i* 
ton — Spectrogrophic  Analyson,  Oscilloscopos,  Etc. 

HiVoli  Supplies  are  self-contained  in  hermetically 
sealed  metal  containers.  They  are  designed  to  trans¬ 
form  low  voltage  AC  to  high  voltage  •  low  current  DC. 

HiVolt  PS-1 


Specifications: 

o 

Volts  IntMt:  lit  VAC,  M  cydM. 

VolH  Ootpot:  2400  VDC  (capocitor  load) 

Canoat  Oatpat:  .004  Aaips.,  half-aaao  DC. 

Max.  Watts  lapat:  IS  sratts. 

Typo  of  Filtar:  Not  filtarod. 

Tormiaals:  t-32  tcrow  aad  aats. 
lasalotioa:  lit  VAC — 2  bakolita  aastors; 

2400  VDC— 1  porcalaia  stoadoH; 

2400  VDC — lap  spotwoldad  ta  caso. 
Coataiaar:  Tama  plota  staal — gray  lacqaar  fialsb. 
Sin:  X  3  3/14"  x  SV4" 

Wolght:  2.2  lbs. 

List  Pric*  $1 8.95  F.  O.  B.  Chkato 
NOTf:  Tha  PS-1  b  dasigaad  ta  cbarga  a  poiallal- 
wirad  baak  at  aat  aiara  thaa  IS  AOCOI- 
22C3  PlasHcoa  Eaargy  Storaga  Capaciton 
(4t  abd.). 


HiVolt  PS-2 


Specificotions: 


Regulation  and  Ripple  Curvea 


Valts  lapat:  l^t  VAC.  40  cydas. 

Volts  Oatpat:  2400  VDC,  anxiaiam. 

Carraat  Oatpat:  .OOS  Aaips.  DC.  ataxlaiaai. 

Max.  Watts  lapat:  10  watts. 

Typo  at  Filtar:  R.  C  Filtar:  SO.OOO  ohais,  2x.l  aitds. 
Tanaiaals:  t-32  scraw  aad  aat. 
lasalators  lit  VAC — ^2  bakalita  wosbars; 

2400  VDC — 2  porcalaia  staadoHs; 
coataiaar  aaatral. 

Coataiaar:  Toma  plota  staal  gray  locgaar  fiaisk. 
Sin:  3%"  X  3  3/14"  x  SV4". 

Woight:  2.S  lbs. 

List  Prica  $25.75  F.  O.  B.  Chicago 

NOTE:  Tha  PS-2  is  siaiilor  ia  oppaoroaca  ta  tha 
PS-1  oxcopt  that  all  foar  tarmiaob  ora  oa 
tha  racassad  top  at  tha  coataiaar. 


Condenser  Produeis  Company 

I37f  NORTH  BRANCH  STRffT  •  CHICAGO  22.  lillNOlS 
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1  NEW  PRODUCTS 

(CONtiHMdl 

W-L 


From  10VA  to  300 
KVA  Dry.Typt  Only, 
Both  Open  and  En¬ 
cased,  1,  2,  &  3  Phase  25 
to  400  Cycles. 


CUSTOM-BUILT 

TRANSFORMERS 

AND  ELECTRICAL  COILS 

Om  2$  y«an  exp«ri- 
•nc«  in  th«  manuiacture 
of  q>«cicds  at  cost  that 
compares  iaTorably 
with  standard  types. 
Built-in  quality  prored 
by  years  of  actual  use. 

PROMPT  DELIVERIES! 


NOTHELFER 

WINDING  UBORATORIES 

9  ALBERMARLE  AVE.,  TRENTON  3,  N.  J. 


WINCHESTER  ELECTRONICS 


UGHTWEICHT 


set*'  *  «> 


SMALL  SIZf 


RECTANGULAR  CONNECTORS 

Currently  available  with  18,  15  and  7  contacts,  these  lightweight 
connectciB  ore  designed  for  a  minimum  of  weight  and  size  while  retain¬ 
ing  typical  WINCHESTER  features  such  as  MONOBLOC*  construc¬ 
tion,  melamine  insulation,  precision  machined  contacts  and  long 
creepage  paths.  Strain  relief  coble  clamps  available.  Send  for  Bulletin  A. 


WINCHESTER  ELECTRONICS  COMPANY  6  East  46lh  street,  New  Vo,k  n 

/  n.vihiY  ::ii: 


8,  Ohio.  Model  505  cathode-ray 
oscilloscope  has  been  designed  for 
the  visual  analysis  of  receiver  cir¬ 
cuits  and  the  signal-tracing  tech¬ 
nique  in  trouble  shooting.  The 
equipment  generates  an  f-m  signal 
so  that  it  can  be  used  for  aligning 
i-f  and  r-f  transformers  and  dis¬ 
criminator  circuits. 


H-F  Gluing  Machine  (36) 

Electronic  Heating  Associates, 
75  Jefferson  St.,  Newton  58,  Mass. 
The  new  high-frequency  glueing 


machine  for  woodworking,  called 
Raybond,  has  a  capacity  from  400 
to  more  than  1,200  square  feet  of 
edge-bonded  blanks  an  hour.  It 
requires  only  one  operator  and  ac¬ 
commodates  stock  in  thicknesses 
from  S  inch  to  2  inches  with  adjust¬ 
able  pressure  as  required.  Aver¬ 
age  complete  work  cycle  takes  from 
20  seconds  to  one  minute.  Several 
models  are  available. 


Time  Switch  (37) 

Palo-Myers,  Inc.,  81-83  Reade  St, 
New  York  7,  N.  Y.  The  new  time 
switch  for  laboratory  and  indus¬ 
trial  uses  is  a  selfcontained  unit 
incorporating  equipment  for  turn- 
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115-200  Vo»»— 50,  6 
Diant-  3*5/'” _ 


73C  4 

SEtlKS 

U 5*230 

cycU*  • 
tearing 
tnelosad 


I  400 
SlM'T* 
ToloHy 


VoH.— 50.  ow 

.  Con»inttO0»  o 

.*  .  Pan  Caoiad 
OuUida  Diaw. 


36  SRIIS 

D.C  Voltaga  Oenorelare  for  Con* 
trot  and  Tachamalw  op^Mcotiam 
..  2  Vohs  p«r  himdrad  R.  P.  M. 
Pormnnant  mognft  Raid  .  .  . 
waight,  20  ns.  Dtamalar  2Vft'. 
LaagMi  3”. 


t.p.M.  60  Cy. 
TSo632^ 

1500______' 

I  1600  43600 


ALTtRNATOtS 

Special  AHemoters  designed  for 
any  applicatian.  20  fa  1000 
cycles  up  to  SO  waits.  Spetiallsts 
in  permanent  nragnet  designs. 


Copad’®' 


Torqy® 


•JnW"’”®"* 


AXIAL  FLOW  ILOWERS 
Numerous  types  for  50,  60  and 
400  Cycle  application.  170  to 
800  C.F.M.  (NEMA  Code). 
65  to  300  C.F.M.  (NAFM 
Code) .  Designed  for  use  in 
electronic  or  industrial  eguip« 
ment. 


Eastern  Air  Devices'  imits  embody 
all  of  the  important  advances  in 
design  and  construction  made 
during  the  war.  Included  are  such 
features  as:  replaceable  "cap¬ 
sule"  bearings,  snap  ring  con¬ 
struction  for  easy  disassembly, 
radically  improved  cooling 
nseons,  insuring  long  life  with 
minimum  size  and  weight,  etc 
Let  us  fit  on  E.  A.  D.  unit  to  your 
application. 


I^PPUCMIOMS 


TYPKU 

Camera*  and  Pro\ector» 
Chart  Recorder* 

Floor  Fan* 

0i*pen*in9  rAochine* 
Timing  Apporotu* 

Tornlabie*  ^ 

Air  Conditioning 


CENTRIFUGAL  ILOWERS 

Numerous  Types  for  50,  60 
and  400  Cycle  application.  60 
to  1 1 0  C.F.M.  For  use  in  elec* 
Ironic  or  industrial  equipment. 


EASTERN  AIR  DEVICES,  INC. 

585  Deen  Street  •  Brooklyn  17,  N.  T.  Tel.  Sterling  3-3408 
EAD  Foreifn  Dept.-70  Pine  St.,  N.Y.C.  Tel  WkHekell  4-8729 
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HARVEY 


RADIO  COMPANY  INC 


insr  apparatus  on  and  off  at  a  pre¬ 
determined  time  schedule.  Oper¬ 
ating  at  110  volts  a-c,  the  cycle 
repeats  day  after  day  as  long  as  the 
clock  is  not  disconnected. 


Snap  Switch  (38) 

Unimax  Switch  Corp.,  460  West 
34th  St.,  New  York  1,  N.  Y.  Type 


phanomano  oa  Iha  tcraan  of  tha  okII- 
laicapa.  Siixa  tha  cothoda  ray  tuba  it  attaa- 
Hally  a  tiopla  tipnol  indicator,  a  davica  tuch 
M  thit  it  nacattory  for  tha  obtarvotion  of 
otora  than  ona  tipnal.  That,  it  parmitt  tha 
otcillatcopa  ta  ba  atod  at  a  Malti-tipnal 
camparitan  dovica. 

Tha  twa  tipitalt  ta  ba  obtarvad  ara  oppliod 
to  tha  two  inpatt  of  tha  Elactronic  Switch. 

Tha  Elactronic  Switch  than  parfarmt  itt  fane- 
tion  by  dalivorinp  tha  individaol  tignalt'to 
tha  oatpat  tarminal,  altarnatofy.  Daa  to  tha 
portittanco  of  vition  of  tha  human  ayo,  and 
tha  pariittanca  of  tha  flaoratcant  tcraan,  tha 
two  lipnolt  oppaor  on  tha  OKillotcopa  tcraan 
timultonaoatly.  Whila  tha  amploymant  of  ono 
Elactronic  Switch  parmitt  tha  timultonaoat 
obtarvotion  of  two  wovathopot  on  tha  otcil¬ 
latcopa  tcraan,  two  twitchat  atod  in  tondam 
may  ba  atad  to  obiorva  throa  wavathopat,  ate. 

Tha  Inttramant  roquirat  no  odiuctmant  or 
calibration  whilo  in  ata.  It  it  complatoly 
aatomotic  in  oporotion  for  any  ronga  of 
otcillotcopo  twaap  fraquanciat  from  10  to 
12,000  cyclat  par  tacond.  Tha  only  controli 
oro  tha  individual  Coin  Conirolt  tor  aoch  tig- 
nol  and  o  tolonca  Control  for  taporotion  or 
taporpoiltion  of  tha  two  tignolt. 

Tha  mott  froqaant  utat  to  which  tho  Elac¬ 
tronic  Switch  moy  bo  put  ora  tho  comporiton 
of  omplitado,  wovoform,  photo,  and  fro- 
qaancy  ralotionthipt  botwoan  two  tignolt. 

Tho  tignolt  undor  ttudy  may  ba  thota  of  on 
oloctricol  or  olactronic  dovico,  or  thay  may 
bo  tound  or  machonicol  motion  that  ora 
troniformad  into  oloctricol  functiont. 

nCHNICAL  DATA 

Input  voltogo . II0-I2S  Voitt, 

50-60  cyclo 

Powar  drain . 45  wottt 

Amplifiar  froqaaiKy 

rotponta . 4  ept  to  450  kc  (Dot 

'  w’thin  3  db) 

Otclllotcopa  twoop 

fraqaancy  'onga  will  oparota  on  any  twaap 
fraquancy  of  from  10 
cpt  to  12,000  cpt,  con- 

,  linaoutly  voriobla 

Input  Impadonco .  100,000  ohmt 

Maximum  tignol 

input . . . 250  voitt  rmi 

langth,  ovoroll . 1 2*/!" 

Width,  ovoroll . 7%“ 

Haight,  ovoroll .  SVi'' 

Waight . 14  Ibt. 

$59SO  Njt.^OA.. 

LOngacre  3*1800 


Rheostats 


The  Clarostort  kind  stands  up 
under  the  most  trying  serv¬ 
ice.  Thousands  in  doily  use. 

Insulated  metal  core  sup¬ 
ports  resistemee  winding.  Im¬ 
bedded  in  cold-setting  inor¬ 
ganic  cement.  Mendmum 
heat  dissipation. 

Smooth  rotation.  Positive 
conduction.  Minimum  wire 
wear. 

25-  and  50-watt  ratings.  1 — 
5000  and  0.5-10.000  ohms,  re¬ 
spectively. 

Engineering  Bulletin  with  de¬ 
tails,  specs,  drawings,  etc.  on 
request.  Let  us  quote  on 
quantity  needs. 


SA-1  double-pole  snap-action  switch 
can  be  obtained  in  either  double- 
or  single-throw  and  is  made  up  of 
two  switches  joined  by  an  Adapta- 
plate.  The  switch  is  rated  at  15 
amperes  125  volts. 


Snap-Slide  Switch  .  (39) 

Elpar  Co.,  Bank  &  Marlton  Ave., 
Camden,  N.  J.  Type  RS  Under¬ 
writers’  approved  3-ampere  125- 
volt  a-c  snap  action  slide  switch 
has  a  low  contact  resistance.  Max- 


Telephone: 


la  Canada:  CANADIAN  MARCONI  CO.  LTD. 
Montreal.  P.  Q..  and  branches 
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TRACING  CLOTH 


PENCILS 


'The  PARADE  Qualltij 


Specialists  In'^ 
Difficult  Designs 


CALEDONIA 
NEW  YORK 


DINION  COIL  COMPANY,  INC 


CeLUuitj^d£ 

FLOCK 


For  high  acousticxd  yalue,  for  a 

rich  velvety  finish  crt  low  cost,  for  ease  and  economy  in  appli¬ 
cation — you'll  find  C^llosuede  Flock  the  ideal  material  for 
coating  the  turntables  on  phonographs.  And  this  is  only  one 
of  the  thousand  ways  to  use  this  versatile  material!  Cellu- 
suede  can  be  applied  to  almost  any  surface  by  spraying,  and 
there  is  a  wide  selection  of  brilliant,  eye-catching  colors  from 
which  to  choose.  Rayon  or  Cotton  Flock  is  available  for 
immediate  shipment. 


Write  for  Booklet, 
Color  Card,  Samples 
and  Prices 


•  Imperial  Pencil  Tracing  Cloth  has  the 
some  superbly  uniform  cloth  foundation 
and  fransporency  as  the  world  famous 
Imperiol  Tracing  Cloth.  But  it  is  disting- 
•ished  by  its  special  dull  drawing  surface, 
on  which  hard  pencils  can  be  used,  giving 
Cleon,  sharp;  opaque,  non-smudging  lines. 

Erasures  are  mode  easily,  without  dom- 
oge.  It  gives  sharp,  contrasting  prints  of 
the  finest  lines.  It  resists  the  effects  of 
time  and  wear,  and  does  not  become  brit¬ 
tle  or  opaque. 

Imperial  Pencil  Tracing  Cloth  is  right 
for  ink  drawings  as  well. 
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NEW  PRODUCTS 


(continued) 


rERMlNAL 

lOmPMENT 

by 

McBroy 


TYPE  ADK 


FOR  HIGH  SPEED 
RECORDING 


TRANSMITTING 


McElroy  Manufacturing  Corporation  announces  an  entirely  new 
line  of  high  speed  recording  and  transmitting  terminal  equip- 1 
ment.  For  the  first  time,  McElroy  makes  available  a  mechanical 
Wheatstone  keying  head  capable  of  continuous  operation  at 
500  words  per  minute,  and  a  compact  undulotor  tope  recorder 
which  is  tested  at  speeds  up  to  1500  words  per  minute,  and 
capable  of  recording  high  speed  Morse,  teletype  or  other  intel¬ 
ligence  where  a  fast  acemote  pulse  mechanism  is  required. 


Illustrated  ore  the  new  ADK  and  RAPC  units.  The  ADK  keys 
Wheatstone  tape  at  any  variable  speed  up  to  500  words  per 
minute  and  provides  polar,  voltage,  relay,  or  tone  output.  The 
RAPC  pulse  type  recorder  will  accept  contact,  tone,  voltage  and 
frequency  shift  input  and  record  such  inputs  at  speeds  up  to 
1500  words  per  minute. 

• 

The  heart  of  this  equipment  is  the  new  McElroy  variable  speed 
drive,  used  in  the  units  described  above  and  in  the  new  high 
speed  tope  pullers.  Set  arbitrarily  at  60  words  per  minute,  a 
Strobotac  will  reveal  no  variation  in  speed  with  any  reasonable 
load. 

See  this  new  equipment  at  our  booth  at  the  I.  R.  E.  Show,  and 
let  our  engineers  convince  you  of  the  new  ease  in  operating 
possible  with  the  new  McElroy  equipment. 


imum  travel  is  0.16  inch,  and  the 
switch  is  selfactuating  beyond  the 
center  of  throw.  Two  mounting 
holes  are  required. 


Ferrule  Resistor  (40) 

Milwaukee  Resistor  Co.,  700  West 
Virginia  St.,  Milwaukee,  Wis.  A 
new  ferrule-type  line  of  resistors 


that  eliminates  separate  tips  by  a 
technique  in  which  the  ends  of  the 
resistor  core  are  copper  coated  sub¬ 
stantially  reduces  production  costs 
over  conventional  models, 
ament. 


Television  Camera  Tube  (41) 

Radio  Corp.  of  America,  Harrison, 
N.  J.  The  new  image  orthicon, 
5655,  is  especially  recommended 
for  studio  use.  It  differs  from  the 
2P23  in  that  its  photocathode  has 
practically  no  infrared  sensitivity, 
and  it  has  better  resolution,  signal- 
to-noise  ratio,  and  more  natural 
response  to  halftones. 


Portable  P-A  Amplifier  (42) 

Altec  Lansing  Corp.,  250  West 
57th  St.,  New  York  19,  N.  Y.  A 
new  portable  public  address  ampli¬ 
fier  model  A-324  is  rated  at  15  watts 
with  an  overall  frequency  response 


McELROY  MANUFACTURING  CORP. 

Made  at .  .  .Telegraphers  Lodge,  Littleton,  Mass. 

SOLE  DISTRIBUTOR 

The  Technical  Materiel  Corporation 
453  West  47th  Street  New  York  19,  N.Y. 


NORTHERN  RADIO  COMPANY,  INC 


143  West  22nd  Street 


New  York  11,  N.  Y 


SALES  DEPARTMENT 


453  West  47th  Street 


NIW  PRODUCTS  (continued) 

flat  within  1  db  from  20  to  20,000 
cycles.  Four  inputs  are  provided, 
two  low  impedance  with  95-db  gain 
and  the  other  two  with  72-db  gain 
at  high  impedance.  Variable  con¬ 
trols  are  available  for  both  bass  and 
treble. 


Motorcycle  Dispatcher  (43) 

Motorola  Inc.,  4545  W.  Augusta, 
Chicago  51,  Ill.  Designed  for  the 
152-162  me  band,  the  new  Dis- 


Northem 


A  COMPLEn 
FREQUENCY  SHIFT 
SYSTEM  FOR 
POINT-TO-POINT 
COMMUNICATIONS 


patcher  unit  is  a  compact  mobile 
radiotelephone  transmitter  and  re¬ 
ceiver  for  motorcycle  use  with  a 
power  output  of  7  to  10  watts.  The 
crystal  drift  is  held  to  less  than 
±  0.002  percent  over  a  temperature 
range  of  —  20  to  +  80C. 


From  transmitting  to  receiving  terminal,  the  Northern 
Radio  (Company  supplies  all  of  the  equipment  necessary  for 
a  complete  frequency  shift  system  for  point  to  point  conunxmi- 
cations,  whether  teletype,  high  speed  Morse,  facsimile  or 
voice  is  the  transmitted  intelligence. 


Mobile  Frequency  Meter  (44) 

Browning  Laboratories,  Inc., 
Winchester,  Mass.  Model  S-7  fre¬ 
quency  meter  is  particularly  useful 


Illustrated  ore  the  Northern  Radio  frequency  shifter  type 
105  and  the  converter  type  107.  However,  also  available  ore 
such  units  os  complete  transmitters,  dual  diversity  receivers, 
line  amplifiers,  tone  keyers  and  demodulators.  Complete 
equipment  for  remote  operation  such  as  standard  tone  filters 
and  link  systems  ore  also  manufactured  by  the  Northern 
Radio  CJompcmy  in  order  that  complete  matching  systems 
may  be  installed. 


We  feel  this  equipment  is  for  ahead  of  the  field  in  its  con¬ 
ception,  and  we  invite  discussion  with  our  engineers  on  your 
particular  problem. 


See  us  of  our  booth  of  the  I.  R.  E.  Show 


for  measurements  in  the  72-76  and 
152-162  me  bands.  Accuracy  of 
0.005  percent  is  easily  obtained,  and 
with  special  precautions  in  the 
measurement  technique,  better  than 
0.0025  percent  is  possible.  A  whip 
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STANDARD 

TRANSFORMER 
L.  CASES  ^ 


39  CHAMBERS  ST  NEW  YORK  7.  N  Y 


i/iooo  ! 
SICOMPt 
mwcM 


avallabU  in  quantity,  OLYM« 
^>1  PIC  stondardiipd  trantformpr  catpi 
•rp  ippciflcally  dpsignpd  to  moot  all 
normal  roquiromonts  whoro  standard 
.casot  aro  utod.  Construction  is  rigid, 
with  roundod  comors,  and  tight-fitting 
covors  top  and  bottom.  OLYMPIC  stand¬ 
ard  transformor  casos  con  bo  fumishod 
with  piorcod  covors,  studs,  brockots  or 
chonnols.  Inquirios  aro  invitod— writo 
for  illustratod  bullotin— no  obligcrtion. 


Over  20  years  of  fabricafieg  experience 
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ADI)  THIS  NEW  NOTE-- 
THE  OUALITY  NOTE-- 
to  Hour  combinationa 


GENERAL 


ELECTRIC 


(continaH) 


MiW  fRODUCTS 


antenna  furnishes  coupling  to  the 
transmitter.  Operation  is  from  117 
volts  either  a-c  or  d-c. 


with  the  GENERAL  ELECTRIC  ^ 
VARIABLE  RELUCTANCE  PICKUP 


voltage  speed  of  motors.  The  unit 
consists  of  a  high-gain  balanced 
d-c  electronic  amplifier  and  a  mo¬ 
tor  amplidyne.  It  has  an  output 
of  U  kw,  250  volts  and  can  be  used 
on  either  a  220-  or  440-volt,  8-phase, 
60-cycle  power  supply. 


Broadcast  stations  must  have  the  finest  reproduc¬ 
tion  p>ossible  for  transcribed  programs.  Their  chief 
engineers,  the  most  critical  customers  in  the  world,  are 
really  tough  to  convince  because  they  have  the  tech¬ 
nical  facilities  to  test  every  claim  made  for  the  equip¬ 
ment  they  use. 

Hundreds  of  broadcast  stations  have  changed  over  to  the 
General  Electric  Variable  Reluctance  Pickup  for  studio  use 

Design  engineers  on  radio-phonograph  combinations 
are  sceptics  of  the  first  order  when  it  comes  to  specify¬ 
ing  a  new  unit  for  their  sets.  They  have  to  be  shown. 


Linearity  Check  (46) 

Philco  Corp.,  Philadelphia,  Pa. 
Model  5072  Crosshatch  generator 
enables  a  television  service  man 


YELLOW 

AOAPTCa 


A  number  of  leading  manufacturers  are  now  specifying  the 
General  Electric  Variable  Reluctance  Pickup 

Letters  from  music  lovers  in  increasing  numbers  tell  us 
how  much  the  General  Electric  Variable  Reluctance 
Pickup  has  increased  their  listening  pleasure — how  it 
has  brought  out  new  beauty  in  their  old  recordings. 


to  check  and  adjust  the  linearity 
of  a  receiver’s  vertical  and  hori¬ 
zontal  sweeps  without  depending 
on  test  charts  from  a  television 
station.  By  means  of  an  adapter 
harness  the  unit  obtains  required 
plate  power,  filament  power  and 
synchronizing  voltages  from  the 
receiver  itself. 


Tho  opinions  voiced  by  the  general  public  should  mean 
much  to  you  because — they  can  be  your  customers 

Write  today — learn  how  the  General  Electric  Variable 
Reluctance  Pickup  can  help  keep  your  production  lines 
humming.  General  Electric  Co.,  Electronics  Department, 
Electronics  Park,  Syracuse,  N.  Y. 


Direct-Coupled  Amplifier  (47) 

Amplifier  Ck)RP.  op  America,  398 
Broadway,  New  York,  13,  N.  Y. 
Developed  to  accommodate  the  G-E 


electronics  — MarcA,  1948 
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ELECTRICALLY  HEATED  PRESSURE  HEADS 


CONTINUOUS  FILM  RECORDING  CAMERAS 


AND  EQUIPMENT  FOR  CATHODE  RAY 


OSCILLOORAPHY,  ETC. 


We  undertake  the  Design, 
Development  and  Manufacture  of 
any  type  of  Optical— Mechanical 
—Electrical  Instrument.  Includ¬ 
ing  Cameras  for  special  purposes. 


Avimo  Limited,  Taunton,  'England  *  Telephone  Taunton 


More  than  14  years 
of  know-how  and 
experience  in  every 

PYROFERRIC 

Liron  core 

Pyroferrie  iron  Cores  were  first 
made  in  1933  and  the  experience 
and  know-how  gained  in  each  suc¬ 
ceeding  year  are  inherent  in  every 
powdered  iron  product  today  pro¬ 
duced  by  the  P^oferric  Company, 
including:  a  full  line  of  standard 
sixed  Powdered  Iron  Screw-Type 
Cores  of  varying  lengths,  with 
standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores, 
with  and  without  inserts. 

Fer  fewdartd  Iron  Ceros  to  moot  ye<ir  tpocHSco- 
Mens,  oddrow  your  inquiry  to 

PynorEBBic  Go. 

tt1  leaf  2U  Street,  New  Yerk  CHy  47 


% 


APPLICATION 

ENGINEERED 

"PRECISION" 

Circuit  Tester 

20,000  Ohms  per  Volt 


THE  NEW  SERIES  85 

Compaa,  laboratoiy  stmitivily 

test  set  “Application  Engineer^'’  for  pro- 
duaion,  test,  laboratory,  school  and  service- 
maintenance  phases  of  modem  radio-elec- 
troHics-commumications. 

20,000  Ohms  per  Volt  D.C. 

— 1000  Ohms  per  Volt  A.C. 
VOLTA6I  NANCES:  0-3-12-60-300-1200- 

6000  A.C.  A  D.C. 

CURRINT  RANetS:  0-120  microamps 

0-1.2-12-120  MA. 
0-1.2-12  Amps.  D.C. 
RESISTANCE  RANCES:  0-6000-600K-6  Meg 
—60  Megohms. 

OECIREL  RAN6ES:  From— 26to->-70DB. 

Complata  with  boMeriM  and  *90  TC 
test  loads  eOO./D 


VOLTA6E  RANCES 
CURRENT  RANOES: 


PLUS  tupartor  physical  features: 

*  4%"  wida  ongla  mater. 

*  Heavy  duty  molded  bokelita 

instrument  case  size  SVa  x  ly,  x  3". 

*  Heavy  gauge,  anodized  aluminum  panel. 

*  Rotary  Range  and  Function  Selection. 

*  Recessed  6000  volt  safety  locks, 
e  Only  two  pin  lacks 

for  all  standard  ranges. 


Ask  to  see  this  and  other  "Preeiston”  Ap- 
pUeation  Engineered  instruments,  on  dis¬ 
play  at  leadinff  radio  parts  distributors. 
Write  for  new,  eomplete  tH8  catalog,  «n- 
eluding  details  of  the  Precision  Eleetronamie 
tube  testing  circuit. 


PRECISION 

APPARATUS  CO.,  Inc. 
92-27  Horace  Harding  Blvd. 
Elmhurst  10,  N.  Y. 


Expert  Division,  45R  Rroodway,  Now  Yerk  Oty, 
U.  S.  A.  Cables,  MORHANEX 
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new  products 


(conHiiiied) 


variable  reluctance  magnetic  pickup 
without  additional  pre-amplification 
or  equalized  circuits,  the  model 
ACA-IOOGE  direct-coupled  ampli¬ 
fier  develops  23  watts  with  less  than 
one  percent  total  distortion. 


T-V  Tubulars 

i 

Cornell-Dubilier  Electric  Corp., 

South  Plainfield,  N.  J.  Type  TMC- 


TUNED-RIBBON  Pick- 
ap  model  SA-79 
( Actual  Sise — SpaeuU 
STUDIO-arm  not  shown) 


•  A  model  for  every 
purpose 


Jewel  Stylus  EASILY 
REPLACED  BY  USER 


187  capacitor  developed  for  tele- 
vibion  service  has  a  capacitance  of 
0.005  microfarads  at  3,500  working 
volts,  d-c. 


ADMIRABLY  this  revolutionary  NEW  line  by  Audax 
bears  out  the  business  maxim: — 


LOOK  TO  THE  LEADER  FOR  LEADERSHIP*' 


*  Because  a  **permanent-point** — be  it  diamond,  sapphire  or  metal — 
will  maintain  its  original  shape  for  only  a  limited  numl^  of  plays,  after 
which  it  progressively  erodes  the  record  grooves,  the  importance  of  being 
able  to  replace  it  has  always  been  of  primary  eonsideration.  Heretofore 
such  replaceability  entailed  severe  penalties  in  range,  compliance  and 
point-pressnre.  Most  of  the  TUNED-RIBBON  models  provide  the  all- 
important  replaceability  without  those  penalties. 

SPECIFICATION'S  TCNED.RIBBON  SA-79 

•  Linear  50  eye.  to  over  10  k.c.  •  Vibratory  Momentum — very  low 

•  Point  Pressure — about  24  grams  •  Qnick  plug-in  connectors 

•  p RF^*ArFn  ^RY~imFR  *  *•  Special  Studio 

EASILY  REPLACED  BY  USER  De«ign,  Tangent-Tracking,  baU- 

•  Output — about — 30  db  thrust  and  pivot-point  bearings 

•  Impedance — 200  ohms  to  500  in  gimbal  mounting — eliminat- 

ohms  ing  side  thrust  and  drag. 

TUNED-RIBBON  delivers  not  only  Wide  Range,  (which  is  but  one  line 
in  the  chain)— but  also  the  vital  factors  so  necessary  for  quality  per¬ 
formance  and  EAR-acceptability  .  .  .  proving  anew  AUDAX  right  to 
the  slogan : —  ^ 


Laboratory  Furnace 

Lindberg  Engineering  Co.,  2444 
West  Hubbard  St.,  Chicago  12,  Ill. 
has  developed  the  model  G-10  box 
type  electronically  controlled  labor¬ 
atory  furnace  with  temperatures  up 


The  Siamdard  by  "Wkieh  O there  Are  Judged  aitd  Vaimed' 

Ye$f  Audax  TUNED-RIBBON  has  put  some¬ 
thing  into  repr€fduced  music  that  was  not  there 
before  ,  .  ,  let  YOUR  ears  be  the  final  judge. 


SEND  FOR  COMPLIMENTARY  PAMPHLET  ON  THIS  VITAL  SUBJECT 


ACDAK  COMPANIY 


.^00  Fifth  Avenue  New  York  1 

CREATORS  OF  HNE  ELECTRO-ACOUSTICAL  APPARATUS  SINCE  1915 


ElECTRONICS  — Mate*.  194t 


You  are  cordially . 
invited  to  visit  the ! 


iLEnsm 


m 


I  INDUSTRIES  CO. 

booth  No.  335  &  No.  336  at  the  IRE  Show  in  New  York 

^aiional  Wholesale  Di»tributors  for  ... 

BAUSCH  &  LOMB 

TELEVISION  PROJECTION  LENS 


The  OUMONT  INPUTUNER 


’B^EVUSION 


mUSTRIES 


540  BUSHWICK  AVE. 
BROOKLYN  6,  N.  Y. 


ELECTRONICS  REQUIRE  COILS 
OF  GREATEST  ACCURACY! 


- AND  THIS 


WITH 


BASES 


Preasion-built  to  all  faaors  of  coil- 
base  service  in  electronics.  Spirally 
wound  for  maximum  .'trength.  Sturdy 
— cooapact — dependable! 


l>l-l'()l)MIEI> 


PAPER  TUBEy 


WRIT!  FOR  SAMPLES 

Di-formtd,  (squttre  or  recUmvdm).  Amy  lempb, 
amy  ID  or  OD,  Ask  for  Note  Mmssirtl  list. 
Mmmy  mtw  sixes. 


Now  Standard  at  regular  prices. 
(Formerly  made  on  special  order 
only,  at  increased  cost).  Advantages: 
automatic  stacking — closer  core  en¬ 
gineering,  saving  wire — no  need  of 
coil-forming  after  winding. 


ND  AND 


PRECISION 
ALSO  MAKES 
ROU 
OVAL 
-ANY 
SHAPE 


PRECISION  PAPER  TUBE  CO. 


2041  West  Charleilon  Si 
Cliicago  47,  III 
Plonf  No  2,  79  Chapel  Sf. 
Hartford,  Conn 


It  your  Serv'u!^ 

rVHJvouVr.H.ouK, 

sheet  naetal 

Fabrication 


SHEET  METAL  PRODUCTS  — 
such  as: 

INSTRUMENT  PANELS.  RADIO 
COMMUNICATION  CASES  and 
enclosures.  OSCILLATOR 
BOXES.  CHASSIS  and  CABINET 
ASSEMBLIES.  RACKS  and  SPARE 
PARTS  BOXES.  WATERPROOF 
CABINETS  and  BOXES,  METAL 
STAMRINGS.  FORMING  and 
WELDING  of  FERROUS  and 
NONFERROUS  METALS. 

Wa  can  astura  you  of  axcallanf 
workmanship  *  and  prompt  daliv- 
ariai.  Sand  us  your  bluaprints  and 
spaclfieations.  Wa  shall  quota  you 
immadiataiy. 


S.  WALTER  Co. 

PRECISION 

SHEET  METAL  PRODUCTS 


1400  ATLANTIC  AVE. 
BROOKLYN  14,  NEW  YORK 
TEL.  SLOCUM  4-7501 


Precision  hi-meg 
resistances  in  a  y 


megohms 


NEW  PRODUCTS  (continued) 

to  3,000  F  top  heat,  and  for  continu¬ 
ous  operation  as  high  as  2,500  F.  Tt 
is  designed  for  operation  on  230 
volts,  60  cycle,  single  phase  a-c.  For 
further  information  request  bulle¬ 
tin  No.  980. 

Signal  Calibrator  (50) 

Industrial  Electronics,  Inc.,  21 
Henry  St.,  Detroit  1,  Michigan.  The 
Electro-cal  is  an  instrument  pro¬ 


viding  precision  measured  signal 
voltage  for  calibration  purposes. 
Output  signals  in  the  form  of  60- 
cycle  sine  waves  up  to  1,000  milli¬ 
volts  are  available  in  eight  ranges. 
An  output  signal  of  0-5  volts  can 
also  be  read  directly  on  the  meter. 


Plastic  Capacitors  (51) 

United  Condenser  Corp.,  422  E. 
138th  St.,  New  York  54,  N.  Y.  Plas¬ 
tic  dielectric  capacitors  with  su- 


Victoreen  HI-MEG  resistors  were  developed  for  use  in  electrometer  cir¬ 
cuits  and  other  applications  were  stability,  accruacy,  and  high  humidity 
operation  are  of  prime  consideration.  The  resistor  element  is  vacuum 
sealed  in  a  gloss  envelope.  A  special  silicon  varnished  surface  makes 
the  hi-meg  less  susceptible  to  humidity  effects  than  other  circuit  com¬ 
ponents.  A  carefully  controlled  accelerated  aging  process  insures  sta¬ 
bility  and  reliability.  The  range  of  .100  to  10,(X)0,0(X)  megohms  assures 
full  coverage  in  values  which  were  hitherto  vmobtainable.  Production  is 


current. 


Radiafiott  instrumentation 


Victoreen  "know  how"  of  radiation  measuring  instruments  is  based  on 
a  background  of  20  years  devoted  exclusively  to  such  problems  and 
assures  quality  performance  for  your  particular  needs. 


These  include  laboratory  and  survey  instruments  to  measure  alpha,  beta 
and  gamma  radiation,  for  personnel  protection,  field  surveys  and  such 
fine  components  as  the  VX  series  subminiature  electrometer  vacuum 
tubes  and  the  VG  series  Geiger  counter  hibes. 


These  components  and  instruments  such  as  the  356  Alpha  meter,  the 
263A  beta  and  gamma  meter,  the  247A  gamma  radiation  survey  meter, 
and  the  287  minometer  and  pocket  ionization  chambers  hove  contributed 
to  the  history  and  ore  pacing  the  progress  of  radiation  instrumentation. 


Write  for  information  and  data  sheets. 


THE  VICTOREEN  INSTRUMENT  CO. 
5806  HOUGH  AVENUE 
CLEVELAND  3  OHIO 


MOVE  AIR,  15  to  60  cubic  feet  a  minute 


There  it  a  compact,  higblv  efficient  L-R  Blower  giving  you  max¬ 

imum  heat  oispertion  under  all  climatic  or  temperature  conditions. 

Each  of  these  blowers  requires  minimum  space  and  produces  nuiximum 
C.F.M.  Specifications  are  listed  below  so  that  you  may  choose  the  size 
best  suited  to  your  needs. 

SPECIFICATIONS 

MODEL  IM.  Weii^t  (without  motor)... m  ounces  MODEL  SH,  (lUuatrated)  Weight  (without 
Output:  IS  C.r.M.  at  8000  K.P.M.  Height  S'  „ vv.v.’U- 


Electrwak 


Controls 


il'ViAv 

IV  AT  1 

PHOTO  ELECTRIC 
CELLS 


- -  Output:  50  C.F.M.  at  8000  B.P.M.  Height  SH' 

MODEL  S.  Weight  (without  motor) . 6  ouaoes  MODEL  3,  Weight  (without  motor)... 11)4  ounces 

Output:  S3  C.r.M.  at  MM  B.P.M.  Height  3%'  OuUnit:  860  C.f^.  at  8000  ILP.M.  HeUht  6)4' 
All  models  have  light-weight,  high-impaa  plastic  housings,  turbo  type  wheels  and  are  made 
with  either  clockwiat  og  otMintct  clockwise  rotation. 


Now  York  OHico: 

11  West  42nd  Stroat 


RIM.EY  CO.,  INC.  '““XiEl!45Srcl2..®"'“’ 


NATIONAL 

MOLDITE  COMPANY 

_  >.‘1  h'Y  ST  .  HIUSiDf  5.  N.  J 


PEIMEAIIIITT  TDNINC  (DIES  ' 

Moldite  permeability  tuning 
ceres  ore  manufactured .  to 
meet  the  most  precise  require¬ 
ments.  Modern  moss  produc¬ 
tion  methods  of  monufocturing 
perm  cores  hove  resulted  In 
increosed  quality  and  economy 
to  our  customers. 

MOIOEO  IRON  CORES 
Moldite  magnetic  iron  cores 
ere  manufactured  to  exact, 
speciheotion  with  on  exclusive 
powder  mix  on  each  specific 
requirement  at  audio,  broad¬ 
cast,  FM  and  Television  fre- 
quencios.  New  formulae  and 
methods  of  processing  increase 
O  veiues,  result  in  greater 
stability  end  density, 
"MOLDITE  SAMPLE  KIT" 
equips  engineering  labs  with 
a  complete  stock  of  sample 
iron  cores  for  all  applica¬ 
tions.  Cores  selected  and 
ordered  by  identifying  num¬ 
ber  will  be  duplicated  ex¬ 
actly  in  production.  Write 
for  latest  Moldite  catalog 
and  sample  kit. 


Reduce  Production  Costs 

Bradley  Luxtron*  photocells  im¬ 
prove  control  over  manufacturing 
operations,  reducing  your  costs. 
They  meet  the  most  exacting  re¬ 
quirements.  Advanced  manufac¬ 
turing  techniques  moke  light- 
actuated  Bradley  cells  the  choice 
all  over  the  world- 

luxtron  photocells  convert  light 
directly  into  electrical  energy.  No 
external  source  of  voltage  Is  re¬ 
quired.  Besides  the  housed  model 
shown  with  its  plug-in  contacts, 
Bradley  also  offers  tube  socket, 
nut-ond-bolt  types  and  pigtoil 
contact  mountings.  Irt  addition, 
luxtron  unmounted  cells  ore 
ovoiloble  in  many  different  sizes 
and  shapes. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
o  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 
Line." 


WESTERN  REf. 

MID-WESTERN  REP. 

SO.  AMERICAN  REP. 

-  Perhnuth-Colman  Assoc. 

irving  Rose 

'  Jose  Luis  Pontet 

942  Maple  Avenue 

314  No.  Michigan  Ave. 

Cordoba  1472 

Los  Angeles,  Calif. 

Chicago,  Illinois 

Buenos  Aires,  Argentina 

BRADLEY 

lABOSATOlilES.  INC. 


82,Meadow  St.  New  Haven  10,  Conn 


AUfdk,  1941- ELECTRONICS 


5^uper 

ELECTRIC  PRODUCTS  CORPORATION 

1057  Summit  Avenue  Jersey  City  7,  N  J. 

Precision  Components 


(centiniMil) 


new  ritODUCTS 


SPOTLIGHTING 


perior  electrical  characteristics  are 
available  in  a  wide  range  of  volt¬ 
age  and  capacitance.  They  can  be 
furnished  to  close*  tolerances  with 
housings  either  hermetically-sealed 
metal,  glass  or  ceramic,  or  wax- 
sealed  cardboard  tubes. 


TELEVISION  HI-VOLTAGE 

POWER  SUPPLY 


Current-Sensitive 

D-C  Relays  (52) 

General  Electric  Ck).,  Schenec¬ 
tady,  N.  Y.  Eight  types  of  single¬ 
pole,  double-throw,  current-sensi- 


Be  sure  to  visit  ottr  booths  No.  241  and  242 
at  the  Radio  Engineering  Show  of  the  1948 
I.R.E.  National  Convention,  March  22-25 1 
Grand  Central  Palace,  New  York. 


Pow«r  supply  coil  is  furnishod 
in  aluminum  easo 


Th«  illuttrcrtscl  l•l•viti•n  hl-veltag«  p«w«r 
supply  it  inlufidud  to  provid*  D.  C.  voltag* 
up  to  10,000  volts  at  a  curront  drain  not 
to  oxcood  1  milliamporo. 

2,  Modol  A  suppliot  up  to  7000  volts  D.C. 
at  800  micro-omporot.  7owor  inpwt  ro- 
quirod:  300  vofts  D.C.  at  50  milliamporos 
and  6.3  volts  at  .45  amporos. 

3^  Modol  B  suppliot  up  to  10,000  volts  D.C. 
at  1  milliamporo.  Powor  input  roqwirod: 
360  volts  D.C.  at  90  milliamporos  and  6.3 
volts  at  .9  amporos. 

^  Thoto  units  aro  of  Hio  r.f.  ^po  and  olimi- 
nato  Hto  haxardt  inhoront  in  othor  typos 
of  high  voitago  powor  supply. 


Super  Electric  precision  compo¬ 
nents  for  the  electronic  industry  give 
you  the  very  best  in  design  and  crafts¬ 
manship  techniques.  Super’s  sixteen 
years  of  precision  manufacturing  as¬ 
sure  you  of  strength,  durability  and 
top-notch  performance. 

We  welcome  the  opportunity  to 
show  you  the  gains  from  using  Super- 
engineered  components. 


live,  d-c  relays  are  announced.  In¬ 
put  ratings  range  from  10  to  180 
milliwatts,  0.47  to  1,470  milliamps, 
and  0.07  to  67,000  ohms.  Addi¬ 
tional  information  is  given  in  GEA- 
3819D. 


Air  Variables  (53) 

E.  F.  Johnson  Co.,  Waseca,  Minn 
A  new  line  of  air  variable  capaci¬ 
tors  is  available  in  single,  differen- 


USE  OF  THE  FOllOWINC 
SUKR  EliailC  (0. 
COMPONENTS 

lndleofvd  hr  dots 


tial,  and  butterfly  types.  Each  of 
the  three  is  available  in  four  differ¬ 
ent  capacitances.  All  have  single¬ 
hole  mounting,  steatite  end  frames, 
and  beryllium  copper  contact 
springs.  Full  details  are  available 
from  the  manufacturer. 


In  addition  to  the  components  described,  SUPER  will  build  to  customer  specifications, 


Power 

Radio  Corp.  of  America,  Harrison, 
N.  J.  The  6671  is  a  forced-air- 


ELECTRONICS 
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(continutdr^ 


NEW  PRODUCTS 


cooled  power  triode  for  high-power 
broadcast  stations.  It  contains  a 
thoriated-tungsten,  multistrand  fil¬ 
ament. 


Burner  Program  (55) 

Combustion  Control  Corp.,  77 
Broadway,  Cambridge  42,  Mass. 
Fireye  program  control  type  24PJ8 


PAPER  TUBES 

tvindiMA  eailA  lot 


RADIOS 


•  This  is  typical  of  the  wide  use  of  PARAMOUNT 
paper  tubes  by  leading  manufacturers  of  electrical, 
radio  and  electronic  produas.  With  over  15  years 
of  specialized  experience,  PARAMOUNT  can  pro¬ 
duce  exactly  the  shape  and  size  tubes  you  need  for 
coil  forms  or  other  uses.  Square,  rectangular,  or 
round.  Hi-DitUctric,  Hi-Stremgth,  Kraft,  Fish  Paper, 
Red  Rope,  or  any  combination,  wound  on  auto¬ 
matic  machines.  Tolerances  plus  or  minus  .002 '. 
Made  to  your  specifications  or  engineered  for  year. 


SIND  101 
ARIOR  UST  or 
OVER  WOO  SIZiS 

U*h  free*  variety  ol 
flock  orben.  Inckr  Jet 
Many  odd  iizef.Wrila 
for  Arbor  IW  today. 

hooi  MT  le  ItXP 


PARAMOUNT  PAPER  TUBE  CORP. 

616  LAFAViTTE  ST.,  FORT  WATNE  3,  INDIANA 

Mtmujacturers  of  Paper  Tubing  for  the  Electrical  Industry 


BAILANTME  ELECTRONIC  VOLTMETER, 

DECADE  AMPLIFIER  and  MULTIPLIERS 


Mercury  Contact  Relay  (56) 

Potter  &  Brumfield  Mfg.  Co.,  549 
West  Washington  Blvd.,  Chicago 
6,  Ill.  has  developed  a  mercury  con¬ 
tact  relay  especially  for  current 
control  in  installations  where  there 
is  danger  due  to  ignition  of  fumes, 
dust  or  gas  by  arcs  from  open 
switches.  The  unit  is  sealed  and 
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provides  automatic  starting  and 
programming  for  commercial  oil 
burning  equipment.  Full  details  of 
the  equipment  are  given  in  Bulletin 
CD4751. 


tbs  only  VOLTMETER 
footuring  a  simpliflod 
LOGARITHMIC  SCALE 


MOBIL  sse  ElECTBOHIC  VBITHETCI 


MOea  236 
DICAOt  aMPlIFIEI 


BALLANTINE  LABORATORIES,  INC.  boonton,  mw  jirsit,  u.s  a 


MOBIL  402 
MOLTIPUCS 


10  MICROVOLTS  to  10,000  VOLTS 


ONE  BILLION  TO  ONE — This  enormous  range  of  AC  voltages — is 
easily  covered  by  the  Model  300  Voltmeter,  Model  220  Decade  Amplifier 
and  Model  402  Multipliers  illustrated  al>ove.  The  accuracy  is  2%  at  any 
|K>int  on  the  meter  scale,  over  a  frequency  range  of  10  cycles  to  150  kilo¬ 
cycles.  The  Model  300  Voltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated)  supplies  ac¬ 
curately  standardized  gains  of  lOx  and  lOOx  and  the  Model  402  Multipliers 
extend  the  range  of  the  voltmeter  to  1,000  and  10,000  volts  full  scale. 
/)cM4rip/ii>c  Bulletin  \«.  1(1  Amilahle 


YOUR  LEADING  SOURCE  OF  SUPPLY  FOR 
QUALITY  RECORDING  AND  TRANSCRIPTION  EQUIPMENT 


MODEL  M  SS 
OVERHEAD  MECHANISM 
WITH  SPIRAL 


MODEL  V 
16“  RECORDING 
TURNTABLE 


C-7  CABINET 
CONSOLE 


model  G  2 
TRANSCRIPTION 

Turntable 


model  t  u 
turntable 


model  p-n 
portable  case 


Blvd  -  Long  Uland  City  I  N  T 

Morham  Exporting  Corp  .  458  Broadway.  New  York 


'  No  ne«d  to  quarrel, 
whether  large  or  small, 
there's  a  SELETRON 
Selenium  Rectifier  for 
! ,  practically  any  application: 
j  And  we  can  build  any  size 
to  your  specifications.  • 

Yes,  both  the  Mite 
and  the  Mighty  agree  . 


'*Am4  I'm  Nm  k*«vy- 

4wtt  SEUTftON  SdMiiNR  t«c- 
I2**I0-IS/I*'kS*. 
Thf  toll  om  mo  lor  roolly 
roggo4  torvlto  lo  AC*OC 
cenvanton."  ■> 


“I'm  Iko  tmellcif, 
$troogo$l  SflfriON 
Salwilwm  KotMMor  — 
io$l  l‘'*rK7/r'.  I'm 
oto4  lor  to  mooy  op- 
plkolloot  whoro  high 
ootpot  ood  tompotl- 
nott  h  rogolrod."  , 


CMCun 


HoH-Wov* 


'^Specify  SELETRON 
Selenium  Rectifiers!'^ 


WeiTE  TODAY  FOt  FUU  INFOtMATlON. 
AODRfSS  DEPT.  S-U 


■••••••■■■■■aoeeseeaeoeeaaeeMeeessveraMaaa 

MtflrawHm  BMkCR..lR«..SMW.4SM..N.V.C.It  | 
Bend  iM  Lnoer.  Lesnlck  mnd  IfAtaon’i  tBrnimh-  ! 
•nItM  FaNdMRntal*  for  10  dAyt*  RiAmlnatloo  on  i 
ADproyml.  In  10  dnyi  1  will  tend  $3.50,  plna  fow  I 
nnU  DoatAfo.  or  return  book  poetmld.  (Poetnm  8 
paid  on  enib  ordan.)  i 


Cttv  and  Bute .  8 

P  S 

Oompenj . .  | 

Position  . Ir8-48  • 

(For  CnnAdUn  price,  write  IfcQrew-Hlll  Oe.  of  i 

CAnedn  Ltd..  IS  TM«hmnn«t  Street  E.,  Toronto.  1.)  { 


At  Ml- 


Practical  data  for 
designing 
AUTOMATIC 
CONTROL  systems 


electronics  — Mofcfc,  1948 


SYsfemeHc  d—lga 
procederet  - 
Totf  procedereB  - 
WfUeg  formmla*, 
cgrvoo  mod 
dtaoroeM  • 


Here,  Bt  Uot,  is  f  _ 

rtsl.  prBcdail  I 
aid  in  detign-  f 
inf  oerrome^- 

■niniit— •  presentation  of  theory,  opecific 
deoign  procedures,  and  helpful  teot  pro- 
cedureo,  that  will  enable  you  to  fulfill 
ipedfied  operating  requirement!,  get  the 
latiafaction  you  want  from  an  automatic 
control  oyitem.  The  book  analyzes  rariout 
lerro  tyotema — those  with  riocout  output 
damping,  error-rate  damping,  integral  con¬ 
trol,  etc.  It  preaenta  acorea  of  probTema  like 
thoae  you  actually  encounter  in  lerro- 
roechanism  deaign,  with  the  working  for¬ 
mulas,  curvet  and  diagrams  necessary  for 
their  aoludon. 

SERVOMECHANISM 

FUNDAMENTALS 

By  Haiiai  Laobb,  RoaaaT  LaaniCK 
and  LaaLin  B.  llATaoii 


AH  tf  tiM  EnilRMrlRfl  DRoartMMt.  RCA  VlRtw  DNIbIrr, 

RrHIr  CRfpRrRMRR  Rl  ArmtIrr 

277  pogna,  6  z  9,  US  figarat,  $3.50 

TbiR  book  nnowen  tho  neod  for  n  Round,  pr%o- 
tloRl  reference  on  aerromeehanlRmR,  and  iiro- 
videe  enzlneera  with  practical  aaslataneo  In 
■oirina  the  problems  they  meet  In  aehteTlna 
•moothly  operatlnz  systema  The  theory  la 
develop^  by  meana  of  tranalent-responao 
analysU  methods  Scores  of  detailed  schematle 
diaarams.  drawlnaa  arapha,  charts  and  clronlt 
diaarams  are  Included.  Helpful  test  pro¬ 
cedures  for  checklna  tho  performance  of  a 
eervo  system  have  been  outlined. 

Ten  ehapHrs  cover  these  topics: 

1.  ElesMeUry  Fenae  ef  Ceatrol  SyttoRM 

2.  Serve  Sytteai  Fellew-HR  UrIu 

L  FeedaaieRUIt  et  Meebaaks  RRd  EleRtrMly 
4.  AeRljnU  a(  ServRHieebaRURi*  with  Vlseawe  ORtpat 
Deaplnt 

I.  Aeelyile  at  BsrveaisRhaaUai*  with  Errer-rata  Oaap- 
1*1 

(•  Analyils  at  ServaaieRhRRttRit  with  CaaihlRed  Vletaas 
,  Oatpat  OaaiplRfl  aad  Errar.raU  OrmrIrb 
7.  Error>rato  auMintlaa  Nstwarte 
L  Analyel*  sf  ServaaieehanltRM  with  iRtaaral  Caatral 
I.  Treaifer  FHaetiRR  Analyait  at  ServaaieeRaRlsRie 
It.  Typical  Deeiaa  EUkalatlane  aad  Geaeral  Caasidera* 
tleae 


VWt  Ow  Sootb  C 
MaazaaiBi  l.ltE.  SHOW 


Now  off  tho  pressf 
Send  for  our  now 
bullotin 

*SElETRON 

4| 

Selenium  Rectifiers. 


SELETRON  DIVISION 

ll.VltIO  IlKt  KPTOIl  C  O.. lilt*. 

Since  1923  in  Rodio  and  electronic}^ 

251  WIST  I9lh  STREET  NEW  YORK  II  N  Y 


iHora 


CENTRAL  PAPER  COMPANY 

INCORPORATED 


NEW  PRODUCTS 


(coatimitd) 


can  be  supplied  for  voltages  up  to 
440  volts  a-c  or  230  volts  d-c. 


Regulated  Power  (57) 

Radar  Engineers,  1319  Second 
Ave.,* Seattle  1,  Wash.  Type  RPS-3 
regulated  power  supply  furnishes 


Vacuum 'processed,  gold* 
coated  Bradley  instrument 
rectifiers  increase  equip* 
ment  efficiency.  Especially 
designed  for  use  where 
stability  and  permanence 
of  calibration  are  impor* 
tant,  "Coprox"  rectifiers 
meet  the  most  exacting 
requirements.  Yet  they 
cost  no  more  than  ordin¬ 
ary  rectifiers  —  in  most 
cases,  less. 

Temperature  error  is 
exceptionally  low  with 
Bradley  rectifiers.  Aging 
is  practically  nil.  Pre* 
soldered  leads.  Rating  of 
CX*2E  series  up  to  4.5 
volts  A.  C.,  3  volts  and  5 
milliamperes  D.  C. 


X  ARMATURE  PAPER 

^  >  I  Strong  Kraft  with  high 
^  dielectric  strength  and  anti* 
corrosion  properties. 

CABLE  WRAP 

Flat  or  creped  Kraft;  can  be  water* 
proofed  or  made  anti*corrosive  as 
required. 

CORE  BASE  PAPER 

Controlled  conduaivity;  free  from 
harmful  chemical  action. 

INSULATION  PAPER 

High  physical  strength,  high  dielectric 

strength. 

ANTI-RUST  PAPER 

Treated  to  prevent  rusting  of  metal 
with  which  it  is  in  contact. 
ANTI-CORROSIVE  PAPER 
Chemical  properties  carefully  con¬ 
trolled  to  assure  neutrality. 


up  to  300  volts  at  50  milliamperes; 
down  to  minus  105  volts  bias;  and 
6.3  volts  at  2  amperes  for  heaters. 
Regulation  is  within  1  percent  over 
most  of  the  range.  A  voltmeter 
reads  either  positive  or  negative 
outputs. 


Centraline  Engineered  Electrical 
Papers  are  designed  especially  to  solve 
your  particular  problem.  They  can 
replace  more  expensive  materials,  im¬ 
prove  product  design,  increase  pro¬ 
duction  and  reduce  manufacturing 
costs.  Uniformity  and  adherence  to 
specifications  is  assured  by  laboratory 
control  from  pulp  to  finished  Electri¬ 
cal  Paper. 

Consult  a  Central  Paper  Engineer  — 
he  will  be  glad  to  discuss  your  prob¬ 
lem  with  you  and  provide  samples  for 
testing.  No  obligation  of  course. 


Illwstratftd  iifaroture, 
available  on  request, 
shows  more  models  of 
ct^>per  oxide  rectifiers, 
plus  a  tine  of  selenium 
rectifiers  ond  photoceils. 
Write  for  "The  Brodley 
Line." _ 


Variable  Earpiece  (58) 

Crysto-Plastics  Lab.,  110  East 
42nd  St.,  New  York,  N.  Y.  The 
Universal-Variable  earpiece  comes 
in  only  two  sizes,  but  can  be  ad¬ 
justed  to  fit  any  ear.  Any  minia¬ 
ture  receiver  unit  can  be  attached 


2442  LAKESHORE  DRIVE,  MUSKEGON,  MICH. 
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Get  All  The  Facts 


ON  THIS 


PREMIER  CRYSTAL -CONTROLliD 
MINI -SIGNAL  GENERATOR 

Ixtrni«  vsnotility  it  cembiiMd 
with  iaberatory  prtcition  in  Hi« 
new  Premier  Model  117  Cryttal- 
Centrolled  Mini-Signal  Gener- 


The  ultimate  in  accuracy  is  provided 
by  the  new  Premier  Model  117  Mini- 
Signal  Generator.  Its  micrometer  ad- 
justanent  enables  the  user  to  zero-beat 
the  crystal  with  standard  frequency 
transmissions  of  WWV,  and  affords 
the  utmost  in  precision  in  setting  up 
frequency  markers  throughout  the  en¬ 
tire  radio  spectrum. 

USI  Hia  Pramisr  Mini-Signal  Gonorotor 

ta  MOADCAST  nATIONS 

«ilh  AIKRAFT  sad  AIRPORT  •asipoMat 

la  Iha  UlORATORY 

la  RUNUFAaHRINS  RADIO  EQHIPHENT 

lar  ARUTEUR  aparatiaas 

la  SERVICE  WORK 

fw  paaaral  FIELD  aat .  . . 

The  Premier  Model  117  Mini-Signal 
Generator  is  vorsafifa— can  be  used  for 
A-M,  F-M,  television.  Frequencies 
range  from  100  kc.  to  12  me.  —  arith 
harmonic  operation  above  12  me.  up 
into  the  VHF  region.  Standard  crya- 
tal:  100  kc.,  precision  finished  to 
±.005%.  Crystals  for  other  frequen¬ 
cies  to  specifications. 

^  Packad  With  Facta 

—  This  four-page 
technical  bulletin 
detailed 
engineering  data 
'  specifications 

Premier 
Mini-Signal  Gen¬ 
erator:  circuit  dia¬ 
grams,  construction 
details,  operating  instructions,  exclu¬ 
sive  features  that  make  it  more  valu¬ 
able' and  versatile  for  myriad  uses. 
Write  for  Bulletin  117. 


PREMIER  CRYSTAL  LABORATORIES.  INC. 

SI  PSSK  DOW  -  «IW  Y,0««  I.  M.  Y. 


PILOT  LIGHT 
ASSEMBLIES 


PLN  SERIES— Designed  for 
NE-51  Neon  Lamp 

tEpft  .  THE  MULTI-VUE  CAP 

Wm  •  BUILT-IN  RESISTUR 

UJ  .  110  or  22U  VOLTS 

III  •  EXTREME  RUGGEDNESS 

111  .  VERY  LOW  CURRENT 

H  tly  Write  for  descriptive  booklet 


The  DIAL  UGHT  CO.  of  AMEBICA 

FOREMOST  MANUFACTURER  OF  PILOT  UGHTS 

900  BROADWAY,  NEWYORK  3,  N.  Y 

Telephone — SPring  7-1300 

Sea  US  at  Booth  255  at  the  I.R.E.  Show  in  N.Y.C.,  March  22-25 


special  nails  •  rivets  •  screws  •  made  to  your  order 


HASSALL  cold-heading  may  solve  ] 
your  immediate  special  part  problem 
. . .  Special  nails,  rivets  and  threaded 
parts  made  in  diameters  from  1/32* 
to  3/8*— lengths  up  to  6*. . .  Rivets 
3/32*  diameter  and  smaller  a  specialty 
. . .  Variety  of  metals,  finishes  and  sec¬ 
ondary  operations  . . .  Economy,  qual¬ 
ity  and  quick  delivery  in  large  or  small 
quantities  . . .  Tell  us  what  you  need 
. . .  We  will  answer  promptly,  ask  k»r  free  catalog.  3-color 
Decimal  Equivalents  Wall  Chart  free  on  request. 


JOHN  HASSALL,  INC.  bIC"- 

Manufacturers  of  Cold-Headed  Specialties— Established  1850 


^spioAmAHSRiv!nsc«r 

P 

Hassall 


'  ^  41  ;  • 

,1  !  I'  I 

i :« • : 


i 
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film  pickup  for  which  the  contrd 
console  is  illustrated  has  been  de¬ 
signed  for  the  use  of  either  positive 
or  negative  film  on  television  pro¬ 
grams.  Electronic  fading  circuits 
are  provided.  The  projection  equip¬ 
ment  is  housed  in  wall  cabinets. 


Teleyision  Recorder  (60) 

Eastman  Kodak  Ck).,  Rochester  4, 
N.  Y.  A  16-mm  motion  picture 
camera  has  been  developed  for  use 
in  television  studios  for  recording 
movies  directly  from  the  face  of  a 
monitoring  picture  tube.  Pictures 
are  taken  at  the  rate  of  24  frames  a 
second.  The  device  can  be  used  for 
reprogramming  or  for  record  pur¬ 
poses. 

Variable  Reluctance 
Pickup  (61) 

Clarkstan  C(»p.,  11927  West  Pico 
Blvd.,  Los  Angeles  34,  Calif.  The 
Clarkstan  RV  pickup  has  exact  ve¬ 
locity  response  to  16,000  cycles. 
Needle  force  of  20  grams  is  opti¬ 
mum  for  commercial  pressings.  As 
customarily  furnished,  the  pickup 
has  a  high  impedance  but  it  can  be 
obtained  in  impedances  of  5,  50, 
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NEW  PRODUCTS  (cmNsmS) 

for  use  with  hearing  aids,  pocket 
radios,  walkie-talkies,  or  other 
communications  equipment. 


Televiaion  Film  Pickup  (59) 

Allen  B.  DuMont  Laboratories, 
Inc.,  42  Harding  Ave.,  (Dlifton,  N.  J. 
Model  TA-612-A  dual  iconoscope 


»pan 
>adt 
ond 
b«ca 
»d  ii 
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FARAmFE,VX 
if  EPR  OD  VCER 
with  iNtercbaiigeQble  Heads; 

UNIVERSAL  . . . 

LAHRAL  ONLY... 

VERTICAL  ONLY... 


iMHiT  riii*:sTh;ii 


C  OltIMHt  ATIO> 

•  ^  YORK 


POLARAD 


20  MC 
VIDEO  AMPLIFIER 


for  ifudio  •  laboratory  •  mar^ufacturer 


Model  V 


•  Flat  frtqiMiicy  rttpons*  froM  100 
cpi  ta  20  nc.  ±.  1.5  db. 

•  Unifonii  tinM  delay  of  .02  oUcro- 
Mcoodt. 

o  Gaia  of  50  db. 

o  FroqMocy  compoasattd  high  ioH 
podaoco  attoaaotor  calibrated  ia 
10  db  (teps  frooi  0-50. 

•  Fioe  atteevator  covers  a  10  db 
rooge. 

o  Pbose  Lioear  with  frequency  over 
entire  band. 


This  nnii  is  deoigaod  fox  use  as  aa 
oeeUloncope  doflectioa  ampUSer  fox 
the  measiixemeal  and  'viowliig  el 
pulsea  of  extxeoialT  shoxt  doxotloa 
mtA  rise  Umo.  and  ooBtoiiis  the 
Video  AapUBox  Unit.  Povrex  Unit 
and  a  Low  CopaeitT  Px^o. 


Spacificationt: 


•alarad  k 


f  FERRY  STREET  NEW  YORK  T,  N.  Y. 

TELEVISION  ENGINEERS  and  CONSULTANTS  TO  THE  NATIONS  LEADING  TUEVISION  STATIONS 


«rr%'’ jr'feer  k 


New  DUMONT 

"ZERO-LOSS' 

0WtC/tiL 

CAPACITOR 

t  FOR 

TELEVISION  AND  SHORT  WAVE 


EXTREMELY  HIRN  “Q” 

At  last!  A  fixed  condenser  of 
plastic  film  having  extreme  high 
"Q".  Ideal  substitute  for  mka  or 
ceramic  capacitors,  where  sharp 
tuning  such  as  short  wave,  tele¬ 
vision,  F/M,  and  other  criticol 
circuits  where  losses  must  be  at 
a  minimum. 


•  EXCELLENT  POWER  FACTOR 
-.001  -  .0029 

•  LEAKAGE  RESISTANCE 
Vt  MILLION  MEGOHMS 

•  LONG  LIFE  DURATION 

•  CAP.  FROM  .00005  to  3  MFD. 

•  VOLTAGES  FROM  500  to  10000 
VOLTS. 

•  AC/DC  up  to  75  C 

•  SI  in  TUBES;  S2  in  METAL  CANS 


Write  tor  literaiuro 
and  prhas  to-day. 


DUMONT 

ELECTRIC  CORE. 

MFR  S  OF 

CAPACITORS  FOR  EVERY  REQUIREMENT 

308  DYCKMAN  ST.,  NEW  YORK,  N  Y. 


ELECTRONICS  — Morcfc,  194$ 


FOR  PERMEABILITY  TUNING 


IRON^  CORES 


Aladdin 


•  Engineered  to  your  i^uirenients 
•  Unexcelled  production  facilities 
•  Controlled  uniformity 
•  Attractive  prices 


Aladdin  Radio  Industries,  Inc. 

LICENSEE  OF  JOHNSON  LABORATORIES,  DIV  OF  MANTLE  LAMP  CO  OF  AMERICA 

501  West  35th  Street,  Chicago  16,  III. 


?Af^eTAi 


STANDARDIZED  TSilie' 
METAL  EQUIPMENT 

ADAPTABLE  FOR  EVERY  REQUIREMENT 

P  ar-Metal  Equipment  c^en  many  features,  inciuding  func¬ 
tional  streamlined  design,  rugged  construction,  beautiful 
finish  .  .  .  plus  ADAPTABILITY.  Eliminate  need  for  special 
made-to-order  units  on  many  jt^s.  ,, 


Engineers  and  manufacturers  will 
effect  economies  with  Par-Metal 
Products,  which  are  available  for 
every  type  of  job  from  a  small 
receiver  to  a  deluxe  broadcast 
transmitter. 

Professional  techniques  and  years 
of  specialization  are  reflected  in 
the  high  quality  of  Par-Metal.  .  . 

CABINETS  •  CHASSIS 
PANELS  •RACKS 

TOnitc 


VISIT  OUR  EXHIBIT— BOOTH  212— I.R.E.  SHOW 


NEW  PRODUCTS 


Make  your  tedious  weighing  iob 
Simple  cmd  Routine  with 
RoUer-Smitb 

PRECISION  BALANCES 


(continiMd) 


NOIV- 
A  QUALITY 
2-KW  INDUCTION 
HEATING  UNIT 


250,  and  500  ohms.  Output  is  60 
millivolts  at  1,000  cycles  with  lateral 
displacement  of  0.001  inch. 


Midget  Soldering  Iron  (62) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  A  new  midget  soldering 
iron  is  8  inches  long,  has  tips  i  and 


SAVE  TIME  SAVE  MONEY 

IN  ASSAYING  -  RESEARCH  -  PRODUCTION 
CONTROL  -  ANALYTICAL  WORK 


i  inch  in  diameter  and  weighs  IS 
ounce  without  the  cord.  It  oper¬ 
ates  from  6  volts,  consuming  25 
watts  and  is  illustrated  with  the 
step-down  transformer  used  to 
adapt  it  to  normal  socket  voltage. 


In  the  Manufacture  of 
Chemicals  -  Textiles  -  Lamp  Fila¬ 
ments  -  Radio  Tubes  -  Explosives  - 
Watches  -  Paints  -  Biologicals 

The  Roller-Smith  Precision  Balance 
is  universally  used  for  weighing  within 
the  range  of  3  mg  to  150  grams. 
Everyday  applications  include  the 
measurement  of  liquid  surface  tension, 
yarn  numbering,  counting  extremely 
small  parts  by  weight,  assaying 
precious  ores,  weighing  diamonds  and 
specific  gravity  determinations. 

The  Roller-Smith  Precision  Balance 
is  the  result  of  careful  research  and 
painstaking  design  to  produce  a  better 
means  for  rapid  weighing,  quality  con¬ 
trol  and  uniformity  in  the  manufac¬ 
ture  of  your  products. 


N«v«r  bafor*  •  value  like  this  naw 
2-KW  bench  modal  "Bombardar"  or 
high  fraguancy  induction  heater  .  ...  for 
saving  time  and  money  in  surface  hard¬ 
ening,  brasing,  soldaring,  annealing  and 
many  other  heat  treating  operations. 

Simpla  .  .  .  Easy  to  Operate  .  .  . 
Economical  Standardization  of 
Unit  Makes  This  New  Low  Price 
Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efficiency. 
Operates  from  1 10-volt  lino.  Complete 
with  foot  switch  and  one  heating  coil 
made  to  customer's  requirements.  Send 
samples  of  work  wanted.  We  will  ad¬ 
vise  time  cycle  required  for  your  par¬ 
ticular  job.  Cost,  complete,  only  $6S0. 
Immediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  I  -3-5-7>/2- 1 0- 1 2>/2-l  S- 1 8-25-40.60- 
80-100-250-KW. — and  range  of  fre¬ 
quency  up  to  300  Megs,  depending  on 
power  required. 


Smooth  Power  Motor  (63) 

General  Industries  Co.,*  Elyria, 
Ohio.  An  improved  model  RM-4 
small  motor  for  use  in  wire  and  tape 
recorders  has  recently  been  an- 


The  Roller-Smith  Precision  Balance 
is  backed  by  over  40  years  of  research 
and  development  experience  in  the 
engineering  of  fine  products.  Let 
Roller-Smith  help  you  with  your 
weighing  problems. 

Write  now  for  the  Roller-Smith 
Precision  Balance  Catalog. 


nounced.  Features  are  freedom 
from  vibration  and  magnetic  field 
radiation,  and  minimum  noise. 


BETHLEHEM,  PA. 


Vacuum  Thermocouple  (64) 

Field  Electrical  Instrument  Co., 
109  East  184th  St.,  New  York  58, 


Division  of 


T  CORRUGATED  OUENCHED  GAP  GO. 

107  Monroa  St.,  Garfiald,  N.  J. 


ELECTRICAL  INDICATING  INSTRUMENTS  •  AIR¬ 
CRAFT  INSTRUMENTS  •  SWITCHGEAR  •  AIR  6 
OIL  CIRCUIT  BREAKERS  •  ROTARY  SWITCHES 
RELAYS  •  PRECISION  BALANCES 
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BETTER  CONTROLS  THROUGH  BETTER  RELAYS 


You  will  find  Leach  Relays  rendering  service  around  the  elec¬ 
trical  world:  in  Industry,  Electronics,  Communications,  Aviation, 
Transportation  and  Power. 

During  the  past  thirty  years,  Leach  has  faithfully  maintained  its 
pohcy  of  building  quedity  equipment;  and  today,  you'll  find 
Leach  dehvers  quality  in  quantity.  The  name  LEACH  stands 
for  "better  relays"  and  assures  you  of  "better  controls." 


ji  K  that  are  sturdily  built 
i  K  for  the  hard  service  of 
'  K  industrial  usage.  Have 
plug  type  tips  and  are 
*  constructed  on  the  unit 
system,  with  each  vital 
part,  such  as  heating  ele¬ 
ment,  easily  removable  and 
replaceable.  In  5  sizes,  and 
from  50  watts  to  550  watts. 


a>s^(gia  (g® 


COSMALITE 

jt  FORMS  FOR 


TEMPEBATURE  REGULATING  STAND 

This  is  a  thermostatically  con¬ 
trolled  device  for  the  regulation 
of  the  temperature  of  an  electric 
soldering  iron.  When  placed  on 
and  connected  to  this  stand,  iron 
may  be  maintained  at  working 
^  temperature,  or  through 

an  adjustment  on  bot- 
tom  of  stand,  at 
low  or  warm 
V  temperature. 


RECEIVERS 


These  spirally  laminated  paper  base,  Phenolic  Tubes  are  delivered  already 
punched  and  natched  ta  meet  the  exact  requirements  af  the  customer. 

Ask  also  about  .  .  . 

i96  COSMALITE  for  coil  forms  in  all  standard  broadcast  receiving  sets. 

SLF  COSMALITE  for  Permeability  Tuners. 

Spirally  wound  kraft  and  fish  paper  Coil  Forms  and  Condenser  Tubes. 
- 1  Thert  is  a  dtfinitt  saving  to  you  in  specifying  and  using  Cosmalite. 


Sm  our  Exhibit  #220  at  tho 
,R.E.  Radio  Enginooring  Show 


*TrMU  Itork  BatUtered 


7/i^CUVIIUID  <0HTMIIER& 


6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO 

•  All-Fibr*  Cans  •  Combination  Metal  and  Paper  Cans 

•  Spirally  Wound  Tubes  and  Cores  for  all  Purposes 

•  Plastic  and  Combination  Paper  and  Plastic  Items 

*  *  * 

tHNCTIII  ntlis  Dm  il  hiOMti  IBC.  Iientwi  S  T,  Uiu|ii  IS,  MraiL  iKk.  Iwntwi  1 1 

niSTics  iiimiis  u  riioNn.  wnt.  iiiMtiwi  s  r  •  tiiisiri  iiiisiii  a  chmaM. 

SUES  IFFItES  -  IHO  lU  lilt  tt  C,  all*  Ml  Sail  tU  lattlaiC  CiM 

II  Mini  -  Fla  Clifilaal  CMlaiiic  taiala  III.  ttaicdl  lilaiia 
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NEW  PRODUCTS  (CMitiaii*d] 

N.  Y.  The  type  R  radiation  vacuum 
thermocouple  now  available  gener* 
ates  about  856  microvolts  from  the 
heat  of  a  lamp  consuming  646  watts 
at  a  distance  of  1  meter.  Details 
are  given  in  Bulletin  V24. 

Public  Address  Mike  (65) 

Amperite  Co.,  Inc.,  561  Broadway, 
New  York  12,  N.  Y.  The  new  veloc* 
ity  microphone  model  RBHG  (high 
impedance)* and  RBLG  (50  to  200 
ohms)  has  a  frequency  response 


ONE  STANDARD 


DEDICATED  TO 


OP  QUALITY 


THE  CONSTANT 


BETTERMENT 


University  ef  Michi* 
9on  stodiwm,  Ann  Ar« 
bor«  MIcH.  Altec 
lonsine  lore#  mwlti- 
ceil  herns  driven  by 
Altec  lonsing  VU  KW 
omplifier,  ore  cen- 
troliied  ever  press 
stond,  everride  neise 
level  el  Sd,000  spec- 
fetors.  Reiss  febllc 
Address  Systems,  De« 
trelt,  centrecters. 


LEADING  ATHLETIC  STADIUMS  NOW  CHOOSE 
ALTEC  UNSING  PUBLIC  ADDRESS  SYSTEMS 


With  million  dollar  “gates”, 
sports  are  bi^  business  today; 
leading  stadiiuns  throughout 
the  United  States,  both  college 
and  professional,  able  to  af¬ 
ford  the  best,  are  installing 
Altec  Lansing  public  address 
systenns,  or  are  converting  pre¬ 
vious  unsatisfactory  systems 
to  Altec  Lansing.  Altec  Lan- 
sii^  produces  systems  with 
sufficient  mwer  to  override 
high  crowd  noises  with  com¬ 
plete  intelligibility;  high  effi¬ 
ciency,  directional  -  character 
multicell  speakers  are  clus¬ 


tered  at  one  place,  thus  simpli¬ 
fying  installation.  Other  sta¬ 
diums  usin^  Altec  Lansing 
systems:  Griffith,  Washin^n, 
D.  C.;  Gardens  Arena,  Pitts- 
bu^h;  University  of  Utah; 
Briggs,  Detroit:  etc. 

Authorised  Altec  Lensing  sta¬ 
dium  specialists  will  submit  esti¬ 
mates  and  plans  on  your  own 
stadium  public  address  require¬ 
ments.  Address:  Stadium  Engi¬ 
neering  Department  W,  1161  N. 
Vine  St.,  Hollywood  38,  or  2S0 
W  est  S7th  St.,  New  York  19. 


Abovpt  Iprtp  mplficptl  Alfpc 
loMlffit  sppokprt.  IpIpwi  Altpc 
lontin#  ^4  KW  Indptfriol 

•mplifipf. 


HEAT  resistant  WIRES  FOR  EVERY  APPLICATION  .  . 


HAVE  YOU  A 

'Pwiiem? 

li  it  concerns  heat  and  age  resistance, 
we're  specialists  and  have  been  for 
twenty  years.  Whether  it  is  dropping 
excessive  voltages— maintaining  higher 
than  ambient  temperatures  in  equip¬ 
ment-high  current  conductors— heating 
element  leads  in  crystal  temperature 
control  ovens  —  if  it's  got  to  be  tough  to 
continually  withstand  wear  and  tear  . . . 


HEATING  UNITS 

HEATING  ELEMENTS 

RESISTANCE 
LINE  CORD 

THERMOCOUPLE  WIRE 

ASBESTOS  LEAD  ^ 
&  RXTURE  WIRE 

INSUUTED  . 
RESISTANCE  WIRE 

FIBERGLAS 
INSULATED  WIRE  > 

>  WIRE  TO  ANY  * 
SPECinCATIONS 


eOK  five  fvct  cutdtven, 

Send  your  electronic  control,  communications  or  appliance  wir¬ 
ing  specifications  for  a  recommended  solution  by  our  engineers. 


FOR  A  TRIAL  ORDER  OR  A  CARLOAD  contulf 


THE  LEWIS  ENGINEERING  CO. 

'I  Ur  /'  Dr.i  '>-{  i  rj  j  u 

NAUGATUCK  CONNECTICUT 


from  50  to  11,000  cycles  within  plus 
or  minus  2  db.  Output  is  minus  62 
db.  The  ribbon  itself  has  a  peak  at 
10  cycles. 

Capacitance  Meter  (66) 

General  Electric  Ck>.,  Syracuse, 
N.  Y.  Type  YCL-1  r-f  capacitome- 
ter  measures  capacitance  at  75  kc 
directly  from  0  to  1,000  micromi¬ 


crofarads.  Calibration  charts  allow 
the  measurement  of  capacitance  up 
to  20,000  micromicrofarads  and  of 
inductance  up  to  10,000  microhen- 
rys. 


Liquid  Level  Indicator  (67) 

Engineering  Laboratories,  Inc., 
610  East  Fourth  St.,  Tulsa  8,  Okla¬ 
homa.  The  Gagetron  is  a  device 
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VOLTMETERS 

A.W.  BARBER 
LABORATORIES 

Specicdists  in  high 
grade  equipment, 
present  the  follow¬ 
ing  instruments 
designed  and  man¬ 
ufactured  to  meet 
the  highest  quality 
demands. 


WASHERS  AND 
MrrAL  STAMPINGS 

TO  YOUR  SPECIFICATIONS 

Special  alloT*.  carbon  ttooL  out  fiaiah 
SEND  FOB  CATALOG 


The  Quadriga  Manufacturing  Co. 


221A  W.  Grand  Avo. 


Chicago  10,  III. 


FROM 
1000  CPS 
f  TO  \ 
200 

MEGACYCLES 


Pioneer 
and  largest 
Manufacturers  of 

M  DUMBELL  H 
“  IRON  CORES  ” 


Ltt  our  engineers  help  de¬ 
sign  high  quality  coils  to  meet 
the  days  exacting  requirements 


Address  all  inquiries  to 

MAGNETIC  CORE  CORP, 

142  South  Highland  Ave.,  Ossining,  N  Y, 
Telephone,  Ossining  222 


High  Voltage  D<  Probe:  30,000  volts,  30,000  meg¬ 
ohms  input  impedance. 

Standard  Electronic  Voltmeters  A-C-D-C-R-F 
Multipliers  A-C— D-C  all  frequencies  to  10,000  votts. 
Pocket  Electronic  Vohohmeter 


Booth  202  -  LLLShow 

March  22nd-2Sth  inclusive. 

Wa'II  ba  thora  to  wolcomo  you  and  dis¬ 
play  our  comploto  lino  of  oguipntont. 


ALFRED  W.  BARBER  Laboratories 

344)i  FKANCIS  LEWIS  BLVD. 

FLUSHING  •  NEW  YORK 


High  Quality 

MAGNETIC 
IRON  CORES 


YOU  SEE  IT 


“iKiNALtNG 
’■imer  J, 


This  new  Signaling  Timer 
electrically  controls  time  in- 
tervalsof  industrial  processes 
with  laboratory  exactness. 

When  the  interval  is  started, 
a  red  pilot  light  goes  on 
During  the  interval  a  pointer 
shows  the  exact  time  elapsed. 

At  the  end,  the  controlled  circuit  is  automatically  opened  or  closed 
and  a  bu2zer  sounds.  ScKkets  allow  additional  lights  or  buzzers  in 
remote  IcKations. 

If  you  need  accurate  timing — plus  visual  and  audible  signal  atten¬ 
tion,  write  us  today  for  literature  on  the  versatile  new  Series  S 
Signaling  Timer.  There  is  a  model  for  your  particular  interval, 
voltage  and  frequency  requirements. 


IINDUSTRIAL  TIMER  CORPORATION 

[111  EDISON  PLACE  •  "KNOWN  THE  WORLD  OVER"  NEWARK.  N.  J, 

Over  400  Types  of  Timers  for  Industry 
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Holds  to  Driver 
for  fast  assembling; 
Stays  fast  in  flush  set-ups 

These  advantages  reach  all  the 
way  down  to  the  smallest  "V”- 
Head  Cap  Screws  made.  Illus¬ 
tration  shows  a  No.  4  (stock 
size  “Allen”)  held  on  a  “Handi- 
Hex”  Allen  Driver,  —  fastest 
fastening  combination  for  small 
parts  in  electronic  devices. 
Positive  hex -socket  wrenching 
achieves  tight  set-ups;  thread¬ 
ing  to  high  Class  3  fit  keeps  them 
tight... Write  us  for  informative 
data  and  samples; 

I  your  local  ALLEN 
ur 

Distributor 
supplies  the 
screws. 


The  Allen  mfc.  company 

NARTrORD  I,  CONNECTICUT,  U.  I.  A 


NEW  PRODUCTS  (corHrumI) 

for  measuring,  recording  and  con¬ 
trolling  liquid  levels.  No  connect¬ 
ors  are  necessary  from  the  outside 
to  the  inside  of  the  containing  ves¬ 
sel.  This  effect  is  accomplished  by 
the  penetrating  effect  of  gamma 
rays  from  a  radium  source. 


Wire  Recorder  (68) 

National  Polytronics,  iNa,  162 
Greenwich  St.,  New  York  6,  N.  Y. 
Model  6-A  wire  recorder  complete 


with  self-contained  amplifier  and 
microphone  is  listed  at  $79.50.  The 
wire  can  be  reused  thousands  of 
times  as  the  machine  automatically 
erases  while  re-recording. 

F-M  Tuner  (69) 

Edwards  FM  Radio  Corp.,  168 
Washington  St.,  New  York  6,  N.  Y. 
The  Fidelotuner  comprising  two 
tunable  lines  and  a  movable  short¬ 


ing  block  is  now  available  for  ex¬ 
perimenters  who  desire  to  build 
f-m  tuners. 


Decade  Oscillator  (70) 

Muirhead  &  Co.,  Ltd.,  Elmers  End, 
Beckenham,  Kent,  England.  Decade 


FOR  LUGS  AND  TERMINALS 


FOR  RADAR  PLUMBING  . 


FOR  EQUIPMENT  CHASSIS  .  . 

-  ■::m 
i  ^ 


HV  -'  I 


^  . Ill 

FOR  CONTACTS. 

•  •  •  .  1 

FOR  SWITCHES 


FOR  ALL  CURRENT- 
CARRYING  CONNECTIONS 


YOU  CAN'T  BEAT-- 

$iL-ros^ 

EAsy-no 

BRAZING 

These  two  Handy  &  Harman  patented  low* 
temperatuie  silver  brazing  alloys  give  you 
everything  you  want  in  making  electric 
current-carrying  joints.  For  joints  brazed 
with  SIL-FOS  and  EASY-FLO  .  .  . 

1.  are  high  in  electrical  conductivity 

2.  ore  strong  as  the  joined  metals  them¬ 
selves,  with  the  ductility  to  withstand 
severe  vibration,  shock  and  temperature 
changes. 

3.  offer  excellent  resistance  to  most  cor¬ 
rosive  agents. 

4.  ore  maintenance-free  —  for  they  won't 
oxidize  and  can't  come  loose.  Yet  they 
con  be  quickly  token  opart,  if  required, 
by  simply  applying  heat. 

And  last  but  not  least,  SIL-FOS  and 
EASY-FLO  brazing  is  fast  and  surprisingly 
low  in  cost. 

BULLETINS  12-A  and  15  give  you  full 
details.  Write  for  copies  today. 


HANDV  A  HARM  AN 

8J  fUlTON  ST.,  NEW  YORK  7,  N.  Y. 

••••♦-a  III  •  l««  AMgv>*« 

'**'/*^  '  P.*..J**.<*  t  *  •  ?•••<»•  CuMdu 

Agantt  in  Principal  Citias 
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The  Linde  Air  Products  Company 

C/np^  Qf  \Jn>on  Cofbp<^e  ond  Copbon  Corpo^ofion 

30  East  42ncl  Sf.  [TT^a  New  York  17,  N  Y. 


WHO'S  WHO  IN  SOUND 


eTeT*/^^  RESISTORS  i 


Of  particular  interest  to  all  who  need 
resistors  with  inherent  low  noise  level 
and  good  stability  in  all  climates 


KD'  DYNAMIC 


HIGH  VALUE  RANGE 

15  to  1,000,000  MEGOHMS 

This  unusual  range  of  high  value  reshtort 
was  developed  to  meet  the  needs  of  scien¬ 
tific  and  industrial  control,  measuring  and 
laboratory  equipment— and  of  high  voltage 
applications. 


OMil  Rome  iiecoti^ 


Well  liked  by  amateurs,  home  re¬ 
cording  fans,  and  special  P.  A.  users. 
Slightly  rising  frequency  character¬ 
istic  aids  voice  clarity.  A  real  all 
weather  per- 
former.Thrifty 
too!  High  im- 
pedance. 

MICROPHONE 


Actual  Sixe 


SEND  FOR 
BULLETIN  4505 


STANDARD  RANGE 

1000  OHMS  TO  15  MEGOHMS 

Used  extensively  in  commercial  equip¬ 
ment  including  radio,  telephone,  tele¬ 
graph,  sound  pictures,  television,  etc. 
Also  in  o  vorietv  ot  U.  S.  Now  equip- 


It  gives  details  ot  both 
the  Standard  and  High 
value  resistors  including 
construction,  characteris¬ 
tics  dimensions,  etc.  Copy, 
with  Price  List  mailed  on 
request. 


sjwNin 


Otu  a(  /4meniceu  A  AAA  ^uduatnieU 

MODEL  204A— REGULATED  POWER  SUPPLY  j 


0-500  Volts  D.C.  at  300  Ma.  with  Positive  or  Negative  Ground 

The  Model  204A  Regulated  Power  Supply  will  provide  from  0-500  volts  ot  well 
regulated  and  well  filtered  D.C.  The  output  voltage  is  continuously  variable  without 
switching  and  either  positive  or  negative  side  may  be  grounded. 

Speeificatiom: 

OUTPUT  VOLTAGE  HUM  VOLTAGE 

Hi|h  Voltage:  0-500  Volts  D.C.  con-  Within  10  Millivolts  at  any  voltage  or 
tinuously  variable  (Without  switching).  load  with  ratings. 

Current:  300  Ma. 

Low  A.C.  Voltage:  6.3  Volts  A.C.  at  6  LINE  INPUT 
amps,  center-tapped,  unregulated.  105-125  Volts  A.C.  50-60  cycles. 

i  REGULATION  j 

I  Within  1%  for  voltage  between  30-500  OUTPUT  I 

I  volts,  from  no  load  to  full  load.  TERMINATIONS  I 

■  Within  1%  for  line  voltage  variations  High  and  low  voltage  outputs  available  1 

■  from  105  to  125  volts  at  full  load  cur-  from  front  and  rear  of  unit  Positive  or  I 

■  rent  for  any  voltage  between  30-500  negative  terminal  of  high  voltage  output  I 

■  volts  and  within  2%  at  10  volts.  may  be  grounded  as  desired.  m 

B  Detailed  speciHcationa  will  be  forwarded  upon  request.  fl 

H  ELECTRONIC  MEASUREMENTS  COMPANY  ■ 

^  RED  BANK  •  NEW  JER5EY  M 

- - - -  MODEL  ^ 

204A 


1^^  ARGON 
HELIUM 
J  KRYPTON 

XENON 

and  Standard  or  Special 

MIXTURES 


(JNDE  rare  gases  art  spectroscopically 
pure — argon,  helium,  neon,  and  standard 
mixtures  are  available  it:  one-  and  two- 
liter  glass  bulbs  and  in  cylinders;  xenon 
and  krypton  are  available  in  liter  and 
fractional-liter  bulbs. 


Tho  word  "Undo"  is  a  trodo-morb  of 


I 


I 


t 


M 
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ENGINEERING 

"KNOW-HOW’ 


HEW  PRODUCTS  (coirtiiiu«4) 

oscillator  type  D-106-A  has  a  fre¬ 
quency  range  from  1  cycle  to  over 
100  kilocycles.  This  resistance- 
capacitance  type  instrument  is  de¬ 
scribed  in  bulletin  B-528-D.  It  is 
operated  from  200  to  250  volts,  50 
cycle  through  a  magnetic-tjrpe  a-c 
stabilizer. 


Model  250 

A  device  for  generating  a  test  signal  particularly  useful  for 
examining  the  transient  and  frequency  response  of  audio 
circuits. 


B  &  W  FREQUENCY  METER 

Model  300 

An  accurate  and  convenient  means  of  making  direct  meas¬ 
urements  of  unknown  audio  frequencies  up  to  30,000  cycles. 
Integral  power  supply. 


Variable  A-C  Unit  (71) 

Superior  Electric  Co.,  Bristol, 
Conn.  •  Thd  new  Voltbox  is  a  port¬ 
able  source  of  a-c  voltage  and  com¬ 
prises  a  variable  autotransformer 
mounted  on  a  special  aluminum 
base  equipped  with  outlets  and 
switches  as  well  as  a  meter. 


B  &  W  AUDIO  OSCILLATOR 

Model  200 

A  source  of  stable,  accurately  calibrated  frequencies  be¬ 
tween  30  and  30,000  cycles.  Self-contained  power  supply. 


Literaturi 


(72) 

Capacitors.  Gornell-Dubilier  Elec¬ 
tric  Corp.,  South  Plainfield,  N.  J. 
More  than  twenty  different  classes 
of  capacitors  are  described  in  de¬ 
tail  and  illustrated  in  the  new  24- 
page  catalog  No.  200.  The  handy 
reference  book  also  includes  list 
and  net  prices. 


B  &  W  DISTORTION  METER  ■■ 

Model  400 

Ideal  for  measuring  low  level  audio  voltages  and  determin- 
ing  their  noise  and  harmonic  content.  Self-contained  power 
supply. 

Write  for  descriptive  folders  and  prices. 


237  Fairfield  Ave.,  Dept.  EL-38,  UPPER  DARBY,  PA. 


(73) 

Technical  Bulletins.  Radio  Corp. 
of  America.  Single  page  technical 
bulletins  are  available  on  each  of 
four  new  additions  to  the  tube 
line.  The  new  tubes  are  the  6AV6, 
12AV6,  5618,  and  5652. 


These  Amrecon  multiple  purpose  re¬ 
lays  are  designed  for  either  A.C.  or 
D.C.  operation.  Each  is  available  in  a 
variety  of  contact  combinations  and 
capacities.  Most  units  are  available 
in  light  and  heavy  duty  contacts 
nominally  rated  from  5  to  15  amps, 
115  volts  A.C.,  noninductive.  Others 
ore  rated  as  high  as  50  amps,  at 
115  volts  A.C.,  noninductive.  The  re¬ 
lays  illustrated  are  but  a  few  of  our 
many  types. 

We  are  especially  well  equipped  to 
assist  you  in  your  engineering  prob¬ 
lems  and  can  supply  special  units  to 
meet  your  most  exacting  relay 
requirements. 

Your  inquiry  will  receive  prompt 
and  courteous  attention. 

Writ*  for  our  4-pago  illuttrafod  bulMin 
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Magnetic  Phonograph  Pickups. 
Lear,  Inc.,  11916  West  Pico  Blvd., 
Los  Angeles  34,  Calif.  The  de¬ 
sign  of  new  magnetic  recorder 
heads  which  may  be  used  for  stain¬ 
less  steel  wire  recordings  is  de¬ 
scribed  in  a  4-page  reprint.  Sche¬ 
matics  and  response  curves  are 
included. 


American  Retay  d  Controls,  Inc, 

4909  Flournoy  St.  •  Chicago  44,  III. 
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Transformers.  Raytheon  Mfg.  (k>., 
Waltham  54,  Mass.  General  de¬ 
sign  data  is  listed  in  a  four-pag^e 
brochure  on  transformers,  reac¬ 
tors,  and  saturable  magnetic  com¬ 
ponents. 
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Wire  Recording  Heads.  Lear,  Inc., 
11916  West  Pico  Blvd.,  Los  Angeles 
34,  Cal.  Two  sheets  give  ample 
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Trad«morli 


Coil  Tube  Fasteners 


ihePALNUTco 


NCW  PRODUCrS  (conHnutd) 

coverage  of  pei-formance  data  and 
installation  specifications  for  the 
magnetic  wire  recording  head  WH- 
200  and  reproducing  WH-201. 
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(Commercial  Crystals.  Bliley  Elec¬ 
tric  Co.,  Erie,  Pa.  Bulletin  36  is  a 
well-illustrated,  complete  listing 
of  all  except  amateur  types  of 
quartz  crystals  for  all  tsrpes  of 
commercial  applications. 


DC  Siliiones  Help  Maintain 
High  Performance  Standards 
of  Portable  SoundScriber 


(78) 

Remote  Shaft  Rotation.  Ford  In¬ 
strument  Co.,  Inc.,  31-10  Thomson 
Ave.,  Long  Island  City  1,  N.  Y. 
Telesyn  and  other  motors  are  de¬ 
scribed  in  16  catalog  pages.  Bulk 
of  the  information  concerns  appa¬ 
ratus  for  remote  control  of  shaft 
rotations. 


DC  33  Silhom  Gcvom 

pmrmanuntly  lubrkaitt 
portabh 

Jl»ar  driv9.  DC  4  Com- 

pound  domptrAntiont 
in  playback  hoad. 

A  portabi*  recording  machine  that  can  be  used 
in  your  car  it  obviously  subject  to  operation  in 
extremes  of  temperature.  Yet  turntable  speeds 
ore  critical.  The  SoundScriber  Corporation,  New 
Haven,  Connecticut,  has  solved  this  problem  with 
a  sealed  gear  drive  mechanism  permanently 
lubricated  with  DC  33  Silicone  Grease. 

Here  are  the  benefits  reported  from  the  use  of 
DC  33  Silicone  Grease  in  the  drive  mechanism: 
'1.  It  eliminates  the  need  for  relubrication;  DC  33 
does  not  evaporate  or  dry  out. 

2.  DC  33  retains  its  consistency  and  provides 
effective  lubrication  at  temperatures  ranging 
from  — 95°  to  300°  F.  It  therefore  permits 
the  motor  to  start  easily  and  operate  satis¬ 
factorily  when  cold;  it  does  not  thin  out  and 
leak  through  bearing  joints  at  high  tempera¬ 
tures  as  do  other  greases  or  oils  having  a 
low  enough  torque  at  low  temperatures. 
And  here  are  the  advantages  of  DC  4  Silicone 
Compound  as  used  in  the  playback  heads  of  all 
models  of  the  SoundScriber: 

1.  It  effectively  damps  the  moving  coil  of  this 
playback  uniformly  at  any  temperature — 
giving  an  "oil  damping"  effect  without 
requiring  elaborate  sealing  devices. 

2.  DC  4  is  inert  to  most  organic  materials.  K 
can,  therefore,  be  used  in  direct  contact  with 
the  rubber  supports  in  the  ploybock  heads. 

Dow  Coming  Silicone  Products  are  notably  in¬ 
different  to  temperature  changes.  They  possess 
other  unique  properties  that  may  be  even  more 
useful  to  you.  We’ve  hod  nearly  five  years’ 
experience  in  the  commercial  production  of  Sili¬ 
cone  Greases,  Ruids,  Resins,  and  Silastic*.  Tele¬ 
phone  the  branch  office  nearest  you  for  engi¬ 
neering  assistance,  or  write  for  Catolog  N1-3. 

*TIAI>eMAtK  FOI  00«  COmiNC  SILKOMC  (UMCI 

DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 
New  York  •  Chicego  •  Cleveland  •  Los  Angeles 
In  Cenede:  FIbergles  Canada,  Lid.,  Torento 
In  England:  Albright  and  Wilson,  Lid.,  London 
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Fixed  Radiophone.  Belmont  Radio 
Corp.,  6921  West  Dickens  Ave., 
Chicago  39,  Ill.  Model  US  20-1  fixed 
station  radio  equipment  is  a  com¬ 
pact  20-watt  unit  for  use  in  con¬ 
junction  with  a  mobile  radiophone. 
Its  specifications  are  listed  in  a 
four-page  booklet. 


I .  Provides  re¬ 
quired  tension  on 
iron  core  adjusting 
screw  to  maintain 
accurate  setting, 
thru  use  of  special¬ 
ly  designed  “Pal- 
nut”  thread  form. 
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Ck)nstant  Voltage  Transformers. 
Sola  Electric  Co.,  2525  Clyboum 
Ave.,  Chicago  14,  IlL  Bulletin  CV- 
102  gives  construction  and  oper¬ 
ating  theory,  as  well  as  a  wide  va¬ 
riety  of  data  and  a  complete 
catalog  of  standard  constant  volt¬ 
age  transformers. 


Z.  Provides 
suppon  for  the  RF 
or  IF  coil  tube.  All 
coil  tube  length 
above  chassis  is 
usable  electrically, 
as  fastener  does 
not  extend  above 
chassis 
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Radioassays.  Tracerlab,  Inc.,  55 
Oliver  St.,  Boston  10,  Mass.  In 
volume  No.  7  of  Tracerlog  are 
found  a  complete  description  of 
radioassay  procedures.  Three 
pages  are  devoted  to  the  S09A 
manual  sample  changer  with  pre¬ 
amplifier,  designed  to  standardize 
radioactivity  analyses. 


0.  Snap  the  as¬ 
sembly  into  chas¬ 
sis,  shield  can  or 
terminal  board. 
Provides  absolute 
security  and  rapid 
assembly. 


SAMPLES  of  this  speedy,  efficient 
“Palnut”  Coil  Tube  Fastener,  plus 
engineering  data,  sent  upon  request 
on  your  business  stationery. 


F-M  Servicing.  General  Electric 
Co.,  Syracuse,  N.  Y.  A  handy  28- 
page  booklet  (ESD-21)  on  f-m 
servicing,  well-illustrated  with 
schmatics,  block  diagrams, 
sketches  and  curves,  is  available 
from  distributors  for  twenty-five 
cents. 
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ELECTRICAL 

HVSTRUMEKTS 

JUgMo^uUo^  &  plant 


WHEATSTONE  & 
KELVIN  BRIDGES 

Ei9ht*en  models 
covering  lebore* 
tory,  plent  end 
field  epplications. 
Ranges  from 
0.00001  ohm  to  100 
megohms.  High  ac¬ 
curacy.  Exception¬ 
ally  sturdy  con¬ 
struction.  Bulletin 


GALVANOMETERS 

Fifty-one  models  in  a  wide  range  of 
sensitivities  for  nearly  every  application. 
Spotlight  Galvanometers  with  sensitivi¬ 
ties  up  to  0.0006  mA  per  mm.  Widely 
used  in  laboratory  and  production  line 
testing,  for  deflection  as  wall  as  null 
measurements.  Bulletin  320. 

PRECISION  POTENTIOMETERS 

Twenty-seven  laboratory  and  portable 
models  for  precise  voltage  measurement. 
Widely  used  as  laboratory  standards  in 
mater  calibration  and  for  thermocouple 
measurements.  Bulletin  270. 

COIL  TESTERS 

For  rapid 

duction  testing  ^ 

of  shorts  and  „ 

opens  in  coil  T 

windings  of 

nearly  every 

shape  and  size. 

Bulletin  109. 

LIMIT  BRIDGES 

For  rapid  low-cost  production  testing 
of  resistors  from  I  ohm  up  to  10  meg¬ 
ohms.  Bulletin  100. 

DECADE  RESISTANCE  BOXES 

Thirty-five  models  covering  the  range 
from  0  to  100,000  ohms.  Decade  Resistors 
with  increments  down  to  0.01  ohm  avail¬ 
able.  Exceptionally  sturdy  construction 
assures  long-term  accuracy.  Bulletin  100. 

STANDARD  RESISTORS 

Ij  Reichsanstalt  and  National 
Bureau  of  Standards  types 
from  0.001  ohm  up  to  10,000 
ohms,  limit  of  error  0.02%  and 
0.01%.  Standard  shunts  from 
0.00002  ohm  to  one  ohm, 
limit  of  error  0.04%.  Bulletin 


SPECIAL  INSTRUMENTS 

In  addition  to  the  partial  listing  of  in¬ 
struments  above,  the  Rubicon  Company 
produces  a  wide  variety  of  special  equip¬ 
ment  involving  in  one  way  or  another  the 
precise  measurement  or  control  of  some 
electrical  quantity.  Inquiries  for  equip¬ 
ment  to  meet  special  needs  are  invited. 


Electrical  Instrument  Makers 
3757  Ridge  Avenue  •  Philadelphia  32,  Pa. 
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may  be  obtained  from  the  U.  S. 
Naval  Observatory,  Washington  26, 
D.  C. 

The  Canadian  Dominion  Obser¬ 
vatory  (Ottawa)  broadc^ts  time 
signals  continuously  over  station 
CHU  on  frequencies  of  3,380,  7,335 
and  14,670  kc;  and  at  certain  hours 
over  other  stations  located  at  Ott¬ 
awa,  Halifax,  and  Churchill.  In¬ 
formation  may  be  obtained  by  writ¬ 
ing  the  Dominion  Observatory,  Ott¬ 
awa,  Canada. 

A  comprehensive  list  of  United 
States  and  foreign  radio  time  sig¬ 
nals  is  given  in  chapter  8  of  “Radio 
Navigational  Aids”;  Hydrographic 
Office  publication  No.  205,  for  sale 
by  the  Hydrographic  Office,  Wash¬ 
ington  25,  D.  C.,  price  $1.25. 

IRE  Convention  Space 
Increased 

Half  of  the  third  floor  of  Grand 
Central  Palace  in  New  York  City 
will  be  used  for  exhibits  at  the 
IRE  1948  Engineering  Show, 
March  22-25,  in  addition  to  the  first 
two  floors.  Radio-electronic  Fron¬ 
tiers,  the  theme  of  the  1948  Show, 
will  focus  attention  on  the  new 
progress  and  markets  of  the  indus¬ 
try.  The  technical  program  this 
year  consists  of  130  papers  in  26 
sessions,  plus  two  special  symposia. 


Electronic  Warfare  Training 

Formation  of  an  extensive  elec¬ 
tronics  warfare  program  for  the 
Reserves  has  been  planned  by  the 
U.  S.  Marine  Corps.  The  program 
will  stress  training  in  the  fields  of 
gca  for  aircraft,  pilotless  aircraft, 
radar,  and  television.  Units  will 
be  concentrated  geographically  in 
areas  where  the  electronic  industry 
flourishes.  Candidates  will  be 
chosen  on  the  basis  of  their  tech¬ 
nical  background,  professional  skill, 
and  willingness  to  enroll  in  study 
courses  in  their  chosen  fields. 

Plans  are  made  for  660  units 
(each  composed  of  an  officer  and 
nine  enlisted  men) :  10  special 
tactical;  250  radar,  missile,  and 
pilotless  aircraft;  200  radio  and 
communication ;  100  telephone  com¬ 
munication. 

A  nationwide  Marine  Corps  Re¬ 
serve  Radio  Network  will  be  set 


I  WOLLASTON  PROCESS  WIRE  i 

i  ^ 

drawn  as  small  as  .000010";  ^ 

h  I 

'  Made  to  your  specifications  for  I 

t  diameter  and  resistance  ...  f 


WRITE  for  list  of  products. 
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ON  panel 
PROVIDE 
ability  . 


APPLICATION-DESIGNED  RESISTORS 


For  the  finest  lateral  reproduction 
the  GRAY  TRANSCRIPTION  ARM 


COME! 


Exhouativ*  atudy  proTM  th«  impoMibilitr  oi  combining  Jdool 
laiorol  and  Torticol  mochanical  roquiromonts  into  on*  orm. 
Tho  Gror  Tranacription  Ann,  dooign^  lor  finoat  lotorol  ropro- 
duction  accommodotoa  all  modoni  cortridgM— Gonorol  Zloctile, 
Pickaring,  ate. — boa  baan  adoptad  oa  atondord  agnlpmant  by 
national  radio  natworka  including  CBS.  ABC  and  nomaraua 
indapandant  radio  atationa.  Ann  lasa  cortridga  tSS.OO. 


FMtharweight  mogne- 
sium,  frictionless  mo¬ 
tion.  adjustable  stylus 
pressure,  self  •  leveling 
base. 


Gray  Equalizer  For  6.E.  Cartridge 


At  lost  0  permanent  solution  to 
the  quality  pick-up  problem.  We 
con  now  supply  o  Selected  G.E. 
Cartridge  with  finest  quality  Dia¬ 
mond  Stylus  for  mounting  in  the 
Gray  Transcription  Arm.  The  prac¬ 
tically  unlimited  life  of  the  Dia¬ 
mond  Stylus  makes  it  on  excep¬ 
tionally  economical  investment  at 
$29.63  net  to  radio  stations. 


HEAR 


over  100  excellent  tech¬ 
nical  papers  on  research 
and  engineering,  covering 
the  new  "Radio-Elec¬ 
tronic  Frontiers." 

175  exhibits  of  radio 
components,  parts,  in¬ 
struments,  sound  systems 
and  transmitters. 


FOR  RADIO  STATION  USE.  No.  601,  4-posi¬ 
tion  Equalixar  (Flat,  N.A.B.,  ate.,  ate.)  ax- 
perHy  enginoorad  for  use  witk  the  G.E 
Variabla  Reluctaaca  Cortridga.  Matebas 
pick-up  to  microphone  channel.  Adoptad 
by  radio  networks.  Complete  $42.50.  I  ^ 


4  Day  RtgMrotlon  Is  $3.00 


THE  INSTITUTE  OF 
RADIO  ENGINEERS,  Inc. 

1  East  79th  St.,  New  York  21,  N.  Y. 


ELMSFORD  6 


WESTCHESTER  COUNTY 


ALNICO  MAGNETS 


WLA  5/$~-5/8"  X  3/16"  (Axial  lead)  .01 
Okiu  min.  3,000  Ohau  max.  ^ 


^GNETS  OF  ALNICO  are  stand- 
ird  for  all  DC  instruments  because 
t  is  the  most  stable  magnetic  mate- 
ial  available,  having  greatest  resist- 
ince  to  effects  of  stray  magnetic 
ields,  vibration,  shock  and  heat.  All 
anges  AC  and  DC  available  in  24^', 


New  Econonqr  Liae! 

Here’*  a  new  line  of  reaia- 
tora  priced  for  real  economy. 
Wire  wound  to  a  tolerance 
of  1%  —  higher  accuracy 
on  special  order  at  slightly 
higher  cost.  Write  today. 


INSTRUMENT 
RESISTORS  CO. 


1036  COMMERCE  AVE. 
UNION,  NEW  JERSEY 


iJAiiiLK'Aiii'lsi  t-i/.fh.. — iiitoiii/t  AAf  .-i  ioi'  k-ii,  t  lui,  :t!:* 

umvLixoin  ur  lynumuHiy  UD/i/i/yd^ 


Engm*«rs  and  Designers  who  insist  on  dependable  com¬ 
ponents  have  adapted  Vickers  Selenium  Rectifiers  into 
their  circuits.  They  are  specifying  Vickers  products,  and 
are  submitting  their  rectifier  problems  to  us.  Our  greatly 
expanded  plant  facilities,  plus  the  recognized  dependa¬ 
bility  af  Vickers  products,  make  it  possible  for  us  to  offer 
the  most  complete  line  of  Selenium  Rectifiers  and  self¬ 
generating  Photoelectric  Celb. 


PHOTOELECTRIC  CELLS 


VICKERS  ELECTRIC  DIVISION 


2160  EAST  IMPERIAL  HIGHWAY  e  EL  SEGUNDO,  CALIF. 

EXPORT:  Frozor  &  Homan,  ltd.,  301  Cloy  St.,  Son  Francisco  II,  Calif. 
CANADA:  Powsrtronic  Equipment  ltd.,  494  King  St.,  E.  Toronto  2,  Canada 


SIGNAL 

GENERATOR 


MODEL  78FM 

86-108  MC 


A/so  Available  For 
Other  Frequency  Ranges 


MICROVOLTS 

Variable  Output 
With  Negligible  Coirier  Leakage 
MODULATION:  400  cycle  internal  audio 
oscillator.  Deviation  directly  calibrated:  0 
ta  30  kc.  and  0  to  300  kc.  Con  be  modu¬ 
lated  from  external  audio  source. 

Audio  fidelity  is  flat  within  2  db  from  dc  to 
15,000  cycles.  Distortion  less  than  1%  at 
75  kc.  deviation. 


The  Model  78FM 
when  used  with 
Measurements 
Model  M-27S 
Converter  pro¬ 
vides  output  in  the 
IF  ranges  of  4.S, 
10.7  and  21.7  me. 

Circular 
on  Request 


itaiE*NB|M  •»»•***  1 
niSilMIIMMril'i 

VioaaTeM'lvn*^ 

OUT 

CagKltykMlM 

MHChaMriot 

*•'•*** 

tomWmi  4*^  TM  Test 
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up  to  function  in  conjunction  with 
the  Naval  Reserve  Communication 

net. 

Reservists  will  receive  instruc¬ 
tion  in  all  phases  of  electronics 
through  correspondence  courses, 
lectures,  training  films  ,  and  record¬ 
ings.  Units  will  be  provided  with 
the  latest  equipment  necessary  for 
thoroughly  training  personnel  in 
operation,  maintenance,  and  tact¬ 
ical  application.  Training  will  also 
include  fiel^  trips  to  both  civilian 
and  military  electronic  laborator¬ 
ies,  manufacturing  plants,  radio 
communication  facilities,  and  tele¬ 
phone  companies. 

Individuals  interested  in  partici¬ 
pation  in  this  program  may  obtain 
complete  information  from  the 
nearest  Marine  Corps  Reserve  ac¬ 
tivity,  or  by  writing  to  the  Elec¬ 
tronic  Warfare  Section,  Division 
of  Reserve,  Headquarters,  U.  S. 
Marine  Corps,  Washington  25, 
D.  C. 


Research  Corporation 
Awards 


As  THE  BESULT  of  a  National  Re¬ 
search  Council  survey  of  the  un¬ 
dergraduate  origins  of  those  re¬ 
ceiving  a  Ph.D.  in  physics  over  a 
10-year  period,  two  men  were  given 
special  awards  by  Research  Corp. 
(holder  of  Cottrell  electrical  pre¬ 
cipitation  patents  and  other  do¬ 
nated  patents).  A.  A.  Knowlton, 
professor  of  physics  at  Reed  (Dol- 
lege,  Portland,  Oregon,  received  a 
special  award  for  his  record  of 
stimulation  and  inspiration  of  un¬ 
dergraduates  for  three  decades. 
Clifford  N.  Wall,  who  left  North 
Central  College  at  Naperville,  lUi- 
nois  in  1944  for  a  permanent  phys¬ 
ics  staff  appointment  at  the  Uni¬ 
versity  of  Minnesota,  was  likewise 
specially  awarded  with  a  plaque 
and  honorarium  of  $1,000. 

Lee  DuBridge,  now  president  of 
the  California  Institute  of  Tech¬ 
nology,  was  voted  an  annual  award 
in  recognition  of  his  scientific 
contributions  in  the  field  of  radar 
and  his  outstanding  administration 
of  the  wartime  microwave  labora¬ 
tory.  The  other  annual  award  was 
presented  to  Merle  A.  Tuve  of  the 
Carnegie  Institution  of  Washing¬ 
ton,  for  scientific  contributions  in 
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Dhr.  Chitholm-Ryder  Co.,  Inc. 

4t10  Highland  Av.  Niagara  Falls,  N.  Y. 


Patton-MacGuyer 


Company 


17  VIRGINIA  AVE 


PROVIDENCE,  R.  I 


Condenser  Plates 
Small  Metal  Stampings 
in  accordance  with 
Customer"* s  Prints 

•  ACCURACY 

•  PRECISION 

•  REASONABLE 
DIE  CHARGES 


Modern  Equipment 
and  Factory 

NO  SCREW  MACHINE  PARTS 
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VARIABLE  VOLTAGE  DRIVES 
LOW  INERTIA  DC  MOTORS 

DYNAMOTORS 

either 

Permanent  Magnet 
or 

Wound  Field 


UfKI^AfiT 


MANUFACTURING  CO. 


MOTOR  GENERATOR  SETS 
UNIVERSAL  MOTORS 
SYNCHRONOUS  MOTORS 
SELSYNS  (POWER  TYPE) 
SINGLE  PHASE  MOTORS 
3  PHASE  MOTORS 

Capacitator  Start 
&  Split  Phase 
Repulsion-Induction 


PRECISION  POTENTIOMETERS 


Toroidal  and  Sinusoidal 


For  use  in  computing  and  analyi* 
ing  devicea;  generation  of  low  fre¬ 
quency  MW  tooth  and  tine  waves; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  servo- 
mechimisms;  electro  medical  in¬ 
struments,  measuring  deviees — tele¬ 
metering;  gun  fire  control  where 
S60*  rotation,  high  precision  and 
low  noise  levels  are  essential. 

The  type  RL14MS  sinusoidal  po¬ 
tentiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  wave  true  within 
±.6%.  Overall  dimensions  are 
4^*  diameter  z  4 11/32  long  plus 
shaft  extension  14"  diameter  z 
1^4”  long. 


ITrsle  for  BuUotm  F-68 


THE  GAMEWELL  COMPANY 


Newton  Upper  Falls  64,  Massachusetts 


CUSTOM  BUILT 

FRACTIONAL  H.P.  MOTORS  .... 


...  ENGINEERED  "PRECISELr 

to  fit  your  most  exacting  applications 


0 

I  about  Premax 

ANTENNAS 

They  Get  the  Signal 

"  Premax  Telescoping  Tub¬ 
ular  Antennas  are  widely 
used  for  reception  and 
transmission  by  amateurs, 
and  for  commercial,  mo¬ 
bile  and  emergency  in¬ 
stallations.  They  may  be 
''  had  in  sectional  types,  in 
<  '  '*  steel,  aluminum  or  monel 
— ^with  extended  heights 
of  5  to  35  feet.  Due  to 
i  a  their  carefully  engineered 
^  construction,  they  get  the 
3^;  signal. 

/(krI  AA  Your  Radio  Jobber 


ERHIIALS 


EimKWIUS 


A  BASK  Improvement 
in  Sonnd  Reprodnction 


KUPSCH 


SPEAKBt  SYSTEM 


FREQUENCY  RANGE 


to  15,000  cyclos 


PERFORMANCE  equivalent  to 
^nventionolly  designed 
speokers  I  to  Id  times  as 
bulky  Sefected  by  Major 
1.  H.  Armstrong  for  his  two 
most  important  domonstra- 
tions  of  fM  boforo  tho  I.T.C. 
at»d  N.A.B.  comfontions. 


INOISPENSABU  tOR 

Broodcas.  S.o.ion  Mon.tor.ng 
High  FideRfy  Rodio-PhonogropKi 


Electronic  Moiicol  Insfrumenli 
(Organs  etc.)  * 


High  Quality  Sound  Reinforcement 
Systems 


Wired  Music  Installations 


^search.  Test  Worl.,  Demonstration,  of 

Wide  Rang,  H.fp,odua,on 


The  KLIPSCH  Speaker  System  design  utilises  tke 
comer  of  a  room  os  an  integral  part  of  Hie  aceusHc 
system,  the  walls  and  Roar  being  in  effect  an  es« 
tension  of  the  lew  frequency  hem 


•  rUNDAMHENTAL  TONES  down  to 
30  cycles  per  second. 

CEtEMN  NESNONSE  throughout  the 
range  of  hearing 


•  PEBFECT  DISPERSION  of  middle 
and  high  frequencies  throughout  the  entire  room. 


•  most  EFFICEENCVt  Because  ot  the 
horn  loading,  acoustic  output  for  a  given  input 
power  is  several  times  that  of  conventional 
speakers. 


ASK  rOR  rULL  PARTICULARS 


BROCINER"  ""  " 
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•  NON~RESONMNT:  BASS  TONES 
ARE  REPRODUCED  —  not  generated 

by  the  speaker.  Instruments  of  low  pitch  are 
clearly  recognized;  one  hears  the  original  tone 
—  not  one  created  by  the  loudspeaker. 


making  possible  the  proximity  fuze 
and  outstanding  administration  of 
the  groups  which  equipped  the 
armed  forces  with  this  device. 


Navy  Aids  to  Research 


•  LOW  DISTORTION  and  intermodu'* 
lation  at  all  frequencies. 


AVAILABLE  IN 
ALL  POPULAR 
TYPES! 


Under  its  electronics  program  dur¬ 
ing  the  fiscal  year  1&47  the  Office 
of  Naval  Research  helped  the  fol¬ 
lowing  laboratories  to  convert  to 
peacetime  basic  research :  Cruft 
Laboratory  at  Harvard,  using  the 
Radio  Research  Laboratory ;  Re- 
seach  Laboratory  of  Electronics  at 
MIT,  using  facilities  of  the  Radia¬ 
tion  Laboratory;  Insulation  Re¬ 
search  Laboratory  at  MIT,  to  initi¬ 
ate  research  on  insulation  material 
with  special  emphasis  on  dielectrics. 

Research  under  ONR  contracts 
hEis  been  started  on  direction  find¬ 
ing,  nonlinear  devices  with  special 
attention  to  magnetic  amplifiers, 
and  observation  of  electromagnetic 
radiation  in  the  radio  frequency 
spectrum  from  the  Milky  Way,  the 
sun,  and  other  celestial  bodies. 

New  research  tools  have  come 
into  use  for  studying  supercon¬ 
ductivity  and  ferromagnetism  at 
microwave  frequencies.  Ultrasonic 
power  can  now  be  generated  at 
frequencies  as  high  as  1,000  me, 
with  possible  applications  to  mov¬ 
ing  target  indicator  problems  wd 
storage  requirements  in  digital 
computers.  Microwave  techniques 
have  proven  useful  in  the  construc¬ 
tion  of  linear  accelerators  for 
nuclear  research. 

The  Naval  Research  Laboratory 
reported  production  of  a  c-r  tube 
for  storing  signals  indefinitely,  a 
simulator  tube,  a  new  type  of  mi¬ 
crowave  oscillator,  and  a  sealed 
model  of  a  high-power  magnetron. 
It  also  engaged  in  much  research 
in  communications  in  general,  ra¬ 
dio  techniques,  search  riular  coun¬ 
termeasures,  and  systems  utiliza¬ 
tion. 

The  NRL  Radio  Division  orig¬ 
inated,  and  demonstrated  for 
the  first  time  during  the  past  year, 
two  basically  new  radar  tracking 
systems.  Also  developed  were  two 
subminiature  ten-channel  pulse¬ 
time  airborne  telemetering  sys¬ 
tems,  and  multichannel  communi¬ 
cation  equipment  for  the  225-400 
me  range. 

In  the  field  of  sound,  investiga- 


SOCKETS 


TYPE  103J58A 


Good  purchasing  calls  for 
G-E  sockets  along  with 


General  Electric  tubes.  That 
way  you  have  one  convenient 
source  of  supply — one  manu¬ 
facturer  responsibility — one 
high  standard  of  quaUty. 

Also  .  .  .  these  heavy-duty 
sockets  are  designed  to  work 
in  harness  with  G-E  power 
tubes,  rectifier  types,  thyra- 
trons,  and  others.  Depend  on 
General  Electric  sockets  to 
accent  efficient,  dependable 
tube  performance;  to  under¬ 
score  long  service  hfe. 


Stocked  widely,  G-E  sockets 
are  easy  to  obtain.  Your  near¬ 
est  G-E  electronics  office 
gladly  will  give  you  prices  and 
full  information.  Or  write 
Electronics  Department, 
General  Electric  Company, 
Schenectady  5,  N.  Y. 


generalHelectiuc 
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ELECTRONIC-SUPPLIES 


DEPENDABILITY 

KNOW-HOW 

Serving  the  Trade  Since 

1925 

lAd.1 


H.  L.  DALIS,  Inc. 

Distributors  of 

RADIO  &  ELECTRONIC  SUPPLIES 
17  Union  Squora  •  New  York,  N.  Y. 

Hhoiifs;  ALg'juijuin  ■t-SIJ2-3-4-5-6-7 


A  COMPLETE  LiNE  OF 
MOLUED-iHON  CORES 

Whatever  your  requirements  in  iron-powder  parts, 
Lenkurt  can  supply  Trancors  with  outstanding  operating 
characteristics.  A  complete  line  of  low-cost  standard 
cores  and  assemblies  with  and  w  ithout 
I  inserts.  For  special  needs— including 

J  ^  complete  filter  assemblies— a  compe- 

_  tent  staff  of  engineers  is  at  your 
V  disposal.  W' rite  for  catalog. 


LENKURT  ELECTRIC  CO 

SAN  CARLOS,  CALIF. 


LENKURT  KNOWS  HOW 


FLEXIBLE  SHAFTS 


around  any  comer 
have  many  new  uses 
in  peace-time  develop¬ 
ments.  Faithful,  de¬ 
pendable  power  drives 
or  remote  control  in 
airplanes,  automobiles, 
radio,  and  many  other 
commercial  products. 

Shadts  made  to  your 
specifications.  Our  en¬ 
gineering  department 
will  work  out  your 
particular  power  prob¬ 
lem  without  obliga¬ 
tion. 

Wri$€  totUy  for 
Manual  D 


For  Complete  Inlormatioii  write 
for  catalog  RHC-1. 


4311-13  RAVENSWOOD  AYE 
CHICAGO  13,  ILL. 

WEST  COAST  BRANCH. 

431  Venice  Blvd.;  Loi  Anyelei  It,  Cil 


/  REEVE5-HOFFMAN 


H  SALES  OFFICE  215  EAST  91  STREET,  NEW  YORK  28  N 

PLANT  321  CHERRY  STREET  CARLISLE  PA 


Reeves -Hoffman  Crystal  Units 

are  produced  under  rigidly  controlled 
manuiachiring  conditions.  Low  humidity, 
close  temperature  control,  and  dust  free 
air  assure  precision  and  dependable  per¬ 
formance  of  each  unit 


RH-7B 


Individual  Testing  of  each  unit  as¬ 
sures  uniformity  of  production.  All  units  of 
a  type  must  produce  the  same  test  results. 


Pre -Aging  of  All  Crystal  Units 

and  etching  to  frequency  assures  not  only 
extreme  accuracy  but  prevents  any  future 
frequency  drift  due  to  aging. 


RH-9 
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For  the  best., 
look  west 
of  the  Rockies 


tion  led  to  the  development  of  new 
t3rpes  of  crystals  and  a  special  tech¬ 
nique  for  growing  quartz  crystals. 


wHh—t 

om  MOOUUIWG 


SAE  Report  on  Automotive 
Radio  Installations 

The  Society  op  Automotive  Engi¬ 
neers  has  published  a  45-page  re¬ 
port  dealing  with  applications  of 
two-way  radio  communication  to 
the  operation  of  automotive  fleets. 
A  subcommittee  of  the  society,  com¬ 
posed  of  truck  fleet  operators  and 
23  engineers  from  the  communica¬ 
tions  and  automotive  industries  and 
headed  by  W.  C.  Baylis,  communi¬ 
cations  engineer  of  the  New  York 
Power  and  Light  Corp.,  collaborated 
in  the  preparation  of  the  report. 

Subjects  studied  and  reported 
on  include  selection  of  automo¬ 
tive  generators  and  batteries  to 
accommodate  the  increased  load 
due  to  the  radio  equipment;  phys¬ 
ical  description  of  radio  equip¬ 
ment  and  the  space  requirements 
for  its  installation;  antenna  space 
Euid  mounting  requirements;  se¬ 
lective  calling  systems;  SEifety  fea¬ 
tures  to  be  included  in  the  de¬ 
sign  and  installation  of  equipment; 
licensing  of  operating  personnel. 
Charts  and  sample  calculations  to 
aid  in  determining  generator  and 
battery  requirements  are  incorpo¬ 
rated  in  the  report  along  with  tables 
of  weights  and  dimensions  of  typi¬ 
cal  two-way  radio  equipments. 

Range  of  Reliable  Communication 

General  conclusions  were  reached 
by  the  subcommittee  as  to  the  range 
of  reliable  communication  that  can 
be  had  in  the  three  frequency  bimds 
available  for  mobile  communica¬ 
tion.  In  the  30-44-mc  band,  with 
250  watts  of  transmitter  power  at 
the  fixed  station,  ranges  of  10  to  15 
miles  can  be  obtained.  In  open 
country,  with  favorable  conditions, 
this  range  will  increase  to  40  to  50 
miles.  The  152-162  me  band  will 
provide  ranges  of  8  to  10  miles  in 
cities  and  25  to  35  miles  in  open 
country.  This  high-frequency  band 
appears  to  be  less  influenced  by  ob¬ 
structions  in  urban  areas  than  does 
the  30-44-mc  band.  The  more  re¬ 
cently  available  frequency  band  of 
72-76-mc  was  given  only  limited 
tests,  but  appears  to  have  a  range 
comparable  to  that  of  the  30-44-mc 


MAKES  THIS 


ALTEC 


iMfbi’t  Limiter  actien 


The  NEW  Peerless 

*20-20  LINE' 

of  Audio  Transformers 


Representing  between  80*4 
and  100%  average  modu¬ 
lation  after  RROGAR  action. 


To  meet  the  prevalent  need  for  audio 
trangformers  incorporating  the  admitted¬ 
ly  superior  performance  of  Altec  Lansing 
basic  design,  at  prices  that  square  with 
market  realities.  Altec  Lansing  presents 
the  Peerless  "20-20  Line.”  The  frequency 
range  will  be 


Tbest  simuRoMOos  records  of  octvol  net- 
woHc  progrom  prove  Hiot  ntOGAITs  duoi 
oction  ...  fast  octbi|  peok  Kmiting  pre¬ 
ceded  by  outomotk  gain  control ...  con 
mointein  a  percentage  of  medulo- 
tion  for  yoor  tiotien. 

Note  hew  flOGAt's  outMiietk  grdn 
control  ectien  neves  iqi  decreotes  te 


The  “20-20  Line”  will  include  input,  out¬ 
put,  and  interstage  transformers. 

A  new  Peerless  catalogue,  presenting  the 
complete  line  of  Peerless  audio,  power, 
and  special  purpose  transformers  will  be 
sent  on  request.  Write  to  Dept,  f. 


PEERLESS 

ELECTRICAL  PRODUCTS 
DIVISION 


YMi  mmnis  kKB  critkrd  noniltr- 
faig  Mi  •  bmitt  sigMi  hi  yow  fistootn* 

InstoR  ROGAt  nnr  .  .  .  driivny  is 
IMMEDIATE . . .  writo  for  compioto  dotoHs 
TODAY,  Miothi  #1011. 


I  LANGEVlIHIMIOnC^ 

I  460 34th  Stioot  •  New  York  1,N.Y. 


6920  McKinley  Avenue  •  Los  Angeles  1,  Calif. 

Prasar  A  Hantan,  Ltd.,  301  Cloy  St., 
San  Proncitce  11,  •xclvtiv*  axport  ofont 


MntK  I94f— ELECTRONICS 


news  of  TNE  industry  (continiMd) 

band  and  noise  level  typical  of  the 
162-162-mc  band. 

Cost  of  the  30-44-mc  equipment 
was  about  $500  at  the  time  the  re¬ 
port  was  prepared,  while  that  of  the 
162-162-mc  gear  was  $600.  The 
cost  of  72-76-mc  equipment  is  be¬ 
tween  these  two  figures.  These 
estimates  do  not  include  the  cost  of 
selective  calling  equipment,  instal¬ 
lation  expenses,  nor  the  cost  of 
changes  to  existing  automotive  elec¬ 
trical  equipment  that  may  be  neces¬ 
sary  in  making  a  radio  installation. 

Copies  of  the  report  may  be  had 
from  the  Society  of  Automotive 
Engineers,  Inc.,  29  West  39th  St, 
New  York,  N.  Y.  Price  is  $2.00  to 
nonmembers  of  the  SAE  and  $1.00 
to  members. 


BUSINESS  NEWS 

Telex,  Inc,  Minneapolis,  Minn., 
has  added  to  its  hearing  aid  lab¬ 
oratory  an  annex  10,000  sq  ft  in 
area  and  two  stories  high,  to  house 
the  tool  and  die  and  precision  plas¬ 
tic  divisions. 


New  annex  of  Telex.  Inc. 

Microwave  Equipment  Co.  re¬ 
cently  opened  a  new  showroom  and 
general  offices  at  397  Bloomfield 
Ave.,  Verona,  N.  J.  Manufactur¬ 
ing  facilities  are  being  expanded 
to  include  test  components  for  the 
microwave  frequencies. 

The  National  Association  of  Re¬ 
lay  Manufacturers  held  its  first 
annual  meeting  on  January  16  and 
17,  in  Chicago.  A  complete  report 
of  its  progress  in  standardization 
of  specifications  and  nomenclature 
for  electrical  relays  was  given. 

Wire  Recording  Corp.  of  America 
has  taken  over  the  assets  and  man¬ 
ufacturing  facilities  of  St.  George 
Recording  Equipment  Co.  of  New 
York  City.  The  new  plant  is  at 
1331  Halsey  St.,  Brooklyn,  N.  Y. 

Manufacturers  of  precision  in¬ 
struments  converted  to  the  new 
absolute  ohm,  as  adopted  by  the 
International  Committee  of  Weights 

ELECTRONICS  — Aforcfc,  194S 


SOLDERING  GUN 


Time  Saving-Money  Making  Features^ 


115  Volts 
60  Cycles 
Two  Models 
100  Watts 
Single  heat 
100/135  Watts 
Dud  heat 


See  your  radio  parts  distributor  or  eteetrJcat  whole- 
safer.  Or  write  direct  for  bulletin. 


WELLER  Mfg.  Co. 

806  Packer  St.  •  Easton,  Pa 


New!  Complete  I 


Radio  Catalog 

LOWEST  PRICES 
on  Everything  in««* 

RADIO*TELEYISION*RADAR 
ELECTRONIC  EQUIPMENT 


•  Thousands  of  items  for  every 
Radio  and  Electronic  need. 

•  Special  Bargains — money-saving 
values  in  top  quality  Radio  Parts. 

•  Immediate  delivery  from  huge 
stocks  at  Chicago  and  Atlanta. 

MAIL  COUPON  FOR  FRil  COPY 


STANDARD  DRAND  UNIS 

RCA  •  AMPERITE  •  SIMPSON-JENSEN 
STANCOR  •  OHMITE  •  SHURE  •  SULEY 
DUMONT  •  IRC  •  TRIPLETT  •  SPRAGUE 
and  hvndrodt  of  oHior  woH-hnown  brand* 
COMPLETE  STOCKS 


Concord 

Concord  Radio  Corporation,  Dept.  G-38 

901  W.  Jackson  Blvd.,  Chicaao  7,  lU. 

Yes,  rush  FREE  COPY  of  the  comprehensive 
new  Concord  Radio  Cataloa- 

RADIO  CORPORATION 

Name. . . . . . 

CHICAGO  7  ATLANTA  3  I 

901  W.  Jackson  Blvd.  265  Peachtree  St. 

Address . . 

Downtown  Chicago  Branch  -  •  229  West  Madison  St. 
LAFAYETTE  RADIO  CORP. 

Citr . Sttte . 

SILVER  ALLOY 


COPPER 

RIVET 


INSULATION 


337  CENTRAL  AVE 


JERSEY  CITY  7  N.  J 
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and  Measures,  in  January  1948> 
The  new  unit  is  about  0.05  percent 
smaller  than  the  International  Ohm 
formerly  used ;  resistors  having 
0.1  percent  accuracy  or  better  will 
therefore  be  made  to  the  new  stand* 
ard,  identified  by  abs  stamped  on 
the  label. 


Sylvania  Electric  Products,  Inc,. 
has  begun  construction  of  Sylvania 
Center,  a  campus-t3Tpe  electronic 
research  development  at  Bayside,. 
N.  Y.  The  research  project,  under 
the  direction  of  Bennett  S.  Ellef- 
son,  is  designed  for  the  long-term 
peacetime  development  of  electronic 
and  lighting  equipment,  television, 
f-m,  and  radar. 


Specially  developed  for  recording 
in  flight,  the  ,TYPE  S12.A  OSCILLO-' 
GRAPH  is  ideal  for  operation  under  accelera¬ 
tion  or  vibration.  The  S12-A  is  a  complete 
instrument  with  internal  governor  motor, 
gear-driven  record,  timing  device,  record 
numbering,  automatic  record-length  control, 
and  record  footage  indicator.  Case  is  rigid 
cast  aluminum  only  ten  inches  wide  by  18 
inches  long.  Complete  instrument  weighs 
only  15  pounds. 


United  Electric  Controls  Co., 
Boston,  Mass.,  manufacturers  of 
electric  temperature,  pressure,  and 
vacuum  controls,  moved  to  larger 
quarters  in  Watertown,  Mass. 


Hathaway 

Type  S12-A  twelve-element 
Recording  Oscillograph 


Radio  Corf,  of  America  has  an¬ 
nounced  a  million-dollar  expansion 
program  providing  an  additional 
40,000  sq  ft  of  floor  space  for  tele¬ 
vision  tube  production  at  its  Lan¬ 
caster,  Pa.,  plant. 


WRITE  FOR 
BULLETIN  SP.I67A 


Acheson  Colloids  Corf.,  Port 
Huron,  Michigan,  now  occupies  its 
new  plant  with  increased  manufae- 
turing  and  laboratory  facilities, 
supplemented  by  those  of  its  newly 
purchased  London  subsidiary,  E.  G. 
Acheson,  Ltd. 


Stiver  Alloy  Contorts 


New  Silver  Alloy  contacts  make  possible  improved 
Attenuators  and  Switches  in  smaller  sizes. 

^  Greater  Creapage  Distartce — thus  better 
insulation. 

2  No  silver  migration. 

3  Greater  silver  surface  to  carry  curront. 

4  Lower  contact  resistance. 

5  BeHer  mechanical  operation  of  switch. 

^  Less  capacity  between  contacts— 
better  frequency 

^  Better  clearance  ^ 


New  Acheson  Colloids  plant 


Ohmega  Laboratories,  Inc.,  Pine 
Brook,  N.  J.,  recently  formed  out¬ 
growth  of  Kay  Electric  Co.,  will 
carry  out  special  development  work 
for  the  parent  company  and  manu¬ 
facture  instruments  for  electronic 
measurements. 


PERSONNEL 

Wayne  Coy,  radio  director  of  the 
Washington  Post,  was  appointed 
chairman  of  the  FCC  by  President 
Truman,  with  confirmation  of 
his  nomination  by  the  U.  S.  Senate 
to  fill  out  the  term  of  former  chair- 


TYFE  800  UNIT 
with  n«w  contocls 


iBATO^ 
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New  SUPERHET  TUNER 

by  "Adaptor'  has 

numerous  valuable  applications 
for  MANUFACTURERS. 
Efficient  and  Economical 


**Ada»tal’*  8«D«rhet  Tner  ia  compact. 
Hlxlilr  suitable  for  use  In  coninnctlon  with 
Wire  and  Taoe  Becordera.  Has  manj  Bmpmri- 
montal  uses  .  .  .  riHMr  for  Oustom-Bullt 
Badlos  .  .  .  Has  many  “coaverpton"  uses. 

CIBOVIT  FKATVBKS:  8elf-contot»od  power 
tpppip  tor  llOV  D.O.  A.C.  BO-60  cycles  .  .  . 
Three  l«he  ciremit  of  conTentlonal  deslini. 
nslna  the  latest  sttotattire  and  daal  purpose 
tabes.  OscHlator-conyerter :  I.F.-2nd  detec¬ 
tor:  A.O.  rectifler  .  .  .  Permeability  tuned 
drift-free  I.P.’a  .  .  .  Approx  .5  Tolt  audio 
ontpnt  across  Interral  .S  megohm  Internal 
load  resistor,  on  arerage  B.O.  wnal  with  Hre 
foot  antenna  .  .  .  Units  Indlrldually  tracked 
at  FOUB  points  throngh  tuning  range  of 
540-1T00  kc  .  .  .  COMPACT:  Approximately 

Write  for  prices  an4  further  ietaUe  to: 

ADAPTOL  CO. 

Dapt.  E. 

120  Now  tots  Avo.  Brooklyn,  N.  Y. 


tA.e 


STABILIZED''. 


JK  STABILIZED  HEAT  JKO-7 

Designed  to  accommodate  crystals  irom 
80  to  3,000  kc  and  rocommendod  lor  brood- 
cast  and  iroquency  standord  applications. 
Operating  temperature  50°  C  plus  or  minus 
1°.  others  olso  on  special  order.  Aeoilable 
as  double  OTon  on  special  order.  Crystals 
slectrostotically  shielded.  Better  thermal 
insulotion  results  in  lower  heater  current 
consumption  and  shorter  warm-up  time. 
Also  available  with  oven  control. 

VISIT  JAMES  KNIGHTS  EXHIBIT, 
BOOTH  H,  IRE  SHOW, 

GRAND  CENTRAL  PALACE 


The  JAMES  KNIGHTS  CO. 

SANDWICH,  ILLINOIS 


PANEL 

INSTRUMENTS 


"PROOF  TBSTED" 

It  has  always  boon  the  policy  ol  this 
organisation  to  withhold  any  now  prod¬ 
uct  until  it  has  boon  thoroughly  "prooi 
tostod."  This  was  dono  in  tho  coso  of 
our  lino  oi  D.  C.  PANEL  INSTRUMENTS. 
Now  thot  thoy  oro  oroilablo.  you  can 
bo  suro  dial  all  phosos  of  thoir  dosign 
and  manufacture  hare  boon  complotoly 
tostod  in  tho  field  os  well  as  in  tho 
laborotory. 

FIELD  CHECKED 

Our  production  for  over  one  year  has 
boon  confined  to  small  quantities  which 
could  bo  carefully  field  chocked  for 
performance  while  working  in  tho 
equipment  oi  which  thoy  were  a  com¬ 
ponent. 


EXCELLENCE 

It  is  with  o  fooling  of  accomplishment 
that  wo  state  our  rojoct  rate  hos  never 
oxcoodod  3% — this  only  on  a  very  spe¬ 
cial  application  which  involrod  high 
sonsitiTity  accompanying  a  very  low 
resistance  requirement. 

USER  APPROVAL 

The  accuracy  of  our  statements  moiy  be 
checked  with  our  customers.  At  your 
request  we  will  forward  names  of  those 
in  your  territory  who  are  purchasing 
these  instruments  and  profiting  by  their 
low  cost. 


Send  for  our  bulletin  which  gives  complete  description  and  price  data. 

ELECTRIC  DESIGN  AND  MFG.  CDRP 

BURLINGTON,  IOWA 


The  STRIP-TYPE  HALF-WAVE 


^  SELENIUM  RECTIFIER 

:-w  s-r 


DESIGNED  FOR  MAXIMUM  ECONOMY  IN  MANU¬ 
FACTURE  AND  MAXIMUM  ELECTRICAL  PER¬ 
FORMANCE. 

▲  REPLACES  THERMIONIC  RECTIFIERS  in  mony  rodio 
and  electronic  circuits.  Consists  ol  4  series-connected 
rectifying  elements  in  o  fibre  base  to  form  a  wafer-tbin 
planar  strip. 

A  COMPACT.  SAVES  SPACEI  Volume.  0.65  cu.  in.;  weight 
A  under  I  ox.  Can  even  be  bent  at  right  angles  to  fit 
'  corners.  No  filament — no  gloss  tube— no  tube  socket. 

▲  CAN  BE  USED  AS  VOLTAGE  DOUBLER  or  FULL- 
W  WAVE  RECTIFIER. 

^  LASTS  INDEFINITELY  when  used  in  correct  circuits  and 
V  operated  under  correct  conditions.. 

ELECTRICAL  CHARACTERISTICS 


130  Volts,  o-c  rms  moiimum  input.  Moiimum  invsrse  peak 
voltags  380.  Instantaneous  peak  current  1000  ma.  Continuous 
operating  current  100  mo. 


Write  for 

PRICES  and  FULL  DETAILSI 


‘KNOWN  THE  WONIB  OVER" 


ICTURUS  CORP. 


uivivcnoii 


■ATTERY  ELIMINATORS 
Fw  DEMONSnUTINO  mm4 
TISTING  AUTO  RADIOS 

Mmw  Medsla  .  . .  OMigasd  for  To 


M9w  Modola  .  . .  OooioBod  for  Toot- 
tmf§  O.C.  Ooelrieal  Apparatus  on 
Roralor  l.lwos  Bqruppod  with 
Full-W<rro  Dry  Dise  Typo  Hoctifior. 
Assuring  Moisoloss.  Intorforoneo- 
Froo  Oporatlon  and  Extroao  Long 
Ufo  cmd  Rollod>Ulty. 

•  EUmlnatos  Storago  Battorios  and 
Bottwy  Chargors. 

•  Oporotss  tho  Equipmont  at  Moxl- 
mnm  Effidoney. 

•  Fully  Automone  and  Fool-ProoL 

•  Typo  SO-EUA  .  .  .  Rated  Output 
SA  Volts  ot  S.S  Amporos. 

•  Typo  ISOC— EUO  .  .  .  Roted  Out¬ 
put  M  Volts  at  14  Amporos. 


ATR 


AUTO 

RADIO 

VIBRA¬ 

TORS 


Dssignsd  for  Uso  in  Stondard  Vlbra- 
tor-Oporotsd  Auto  Radio  Rocotrors. 
Built  wMi  Prodsion  Construction  for 
Longer  Lasting  Ltfo.  Prieos  oro 
opp.  1S%  lower. 


For  InvortinR  D.  C.  to  A.  C. 
Spedally  Dedgned  for  Operottog 
A.C.  Rodlos,  Teleelsion  Sets,  Ampli- 
Rers,  Address  Systems,  and  Ro^ 
Test  Equipment  from  D.C.  Voltages 
In  Vehid^  Ships.  Trains.  Planes 
and  in  D.C.  DlsMcts. 


NEWS  OF  THE  INDUSTRY 


(ceetisusd) 


man  Charles  R.  Denny.  He  pre¬ 
viously  served  as  director  of  NAB 
and  of  FM  Broadcasters,  Inc., 
predecessor  of  the  present  FM  As¬ 
sociation. 


W.  Coy  '  O.  E.  Storltaig 

George  E.  Sterling,  formerly  chief 
engineer  of  the  FCC,  was  named 
by  President  Truman  to  succeed 
E.  K..Jett  (resigned)  as  a  member 
of  the  FCC.  He  has  been  asso¬ 
ciated  with  radio  since  1918  when 
he  took  out  the  first  amateur  li¬ 
cense  in  the  state  of  Maine.  His 
recent  appointment  became  effec¬ 
tive  with  Senate  approval. 

R.  L.  Smith-Rose,  new  IRE  vice- 
president,  was  promoted  to  direc¬ 
tor  of  radio  research  in  the  Depart¬ 
ment  of  Scientific  and  Industrial 
Research,  London.  He  had  been 
superintendent  of  the  radio  divi¬ 
sion  of  the  National  Physical  Lab¬ 
oratory  since  1939  and  was  re¬ 
sponsible  for  extensive  investiga¬ 
tions  in  radio  direction  finding  and 
propagation  of  radio  waves  over 
the  ground  and  through  the  lower 
atmosphere. 

John  A.  Willoughby  has  been 
designated  acting  chief  engineer 
of  the  Federal  Communications 
Commission. 

Carlton  Wasmansdorpp,  for  six 
years  superintendent  of  communi¬ 
cations  for  the  Glendale,  Calif,  po-  | 
lice  department,  is  now  in  charge 
of  development  engineering  for 
Hoffman  Radio  Corp.,  Los  Angeles. 
He  was  at  one  time  chief  engineer 
for  Maguire  Industries  in  New 
York,  and  served  two  years  in  San 
Francisco  as  chief  engineer  for 
Globe  Wireless. 

Neal  McNaughten,  former  chief 
of  the  allocation  section  of  the  FCC 
engineering  department’s  broadcast 
division,  recently  became  assistant 
director  of  the  engineering  depart- 


CONSULT  JELUFF 

When  confronted  %iith  any  rcMMancc  prnMam, 
ukc  advantage  of  the  dtvet*ified  expericncea  of 
JeBiS  in  selecting  the  proper  alloys  for  your 
spaciEc  applications. 

For  rcconunendations.  literature,  prices  and  d» 
livery  of  JellifF  Quality  Alloys  get  in  touch  widi 
our  neatest  sales  represemahve  or  communicasc 
direct  with  Southport,  Connecticut.  Write  or 
phone  for  Prompt  Action. 

JELLIFF  SALES  REPRESENTATIVES 

lOSTON,  INASS.  PhoM:  UKRTY  1277 

White  Sales  Co.,  Room  }02,  10  High  St. 

CHKAGO,  ILL  Phonr.  STAR  S292 

William  Maxwell  Co.,  107  N.  Wacker  Drive 

QEYELANO,  OHK)  Pboat:  MAIN  858S 

A.  J.  Loch  Sales  Co.,  1836  Euclid  Ave.  So. 

lOS  ANGHES,  CALIF.  Phoiw:  TMNITY  7353 

Perfanuth-Colman  Asst>ciates,  942  Maple  Ave. 

MINNEAPOLIS,  MINN.  Pbont:  GENEVA  3373 

Volco  Company,  622  McKnight  Building 

NEW  YORK,  N.  Y.  Ptwiir.  CALEDONUL  S-1776 

R.  B.  Dana  Company,  101  Park  Ave. 

PMUL,  PA.  Phonr.  KINGSLEY  5-120S 

S.  K.  MacDonald,  1331  Spruce  St. 

PITTS8URGH,  PA.  Phonr  CEDAR  3000 

Wtn.  M.  Otr  Co.,  1228  Brighton  Rd. 

ROCHESTER,  N.  Y.  Phonr  MONROE  S392 

J.  R.  Hanna,  P.  O.  Box  93,  Brighton  Station 

SEATTLE,  WASH.  Phonr  SE-0193 

Pariauith-Colman  Associates,  704  Third  Avenue 

HUU,  QUL,  CANADA 

Mica  Co.  of  Canada,  Dd.,  P.  O.  Box  189 


The  C.  0.  JELLIFF, 
MANUFACTURING 
CORPORATION! 

SOUTHPORT,  CONN. 
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MECANITRON 
TAPE  PULLER 
Model  yy-2 


FORD 


...  a  predsion-builty  highly  accurate 
instrument  for  pulling  tape  or  film  at 
constant,  pre-set  speeds  ranging  from 
6  to  148  feet  per  minute.  Guaranteed 
accurate  to  within  ±:  1%. 

There  are  hundreds  of  uses  for  the 
Model  YY-2  Puller  in  communica¬ 
tions,  sound  lahoratories  and  for  a 
wide  variety  of  experimental  pur¬ 
poses.  Write  today  for  complete 
information. 

:M  E  C  A  N  I  T  R  O  N — I 
CORPORATION 

•  Irvlagtoa  Street  I 
•  estee  14,  I 


AC.60~  -  400'v 

DATA  TRANSMISSION  SYSTEMS 


GENERATORS  (Transmitters) 

MOTORS  and  DIFFERENTIALS 
(Mechanical  Indication) 

CONTROL  TRANSFORMERS 
(Electrical  Indication) 

•  PRECISION  BUILT 

•  UNSURPASSED  ACCURACY 

•  RUGGED  CONSTRUCTION 

•  SERVICE  SPECIFICATIONS 

Cmmplmt*  Oatcri^tlv*  LUtrmtmrm 

FORD  INSTRUMENT  CO.,  INC. 

DIVISION  OF  THE  SPERRY  CORPORATION 

-  31-10  THOMSON  AVENUE 

(STAII.ISHIO 

LONG  ISLAND  CITY  1,  N.  Y. 


cM 


FRACTIONAL  H  P. 
SERVO  MOTORS 

DEFLECTION  COILS 

MECHANICAL 

►  DIFFERENTIALS 

►  IFJTEGR  ATORS 
►RESOLVERS 

►  MULTIPLIERS 

►  INTERMITTENTS 

►  COMPUTERS 


TERMINAL  WIRING! 


JONES 

FANNING 


Connections 
ore  mode 
through  Fan¬ 
ning  Strip, 
on  bench 
or  anywhere 
opart  from 
barrier  strip, 
and  quickly 
slipped  into 
assembly. 

UtewHh  Jones  Barrier  Tar* 

minol  Strips,  Nos.  141  and  _ 

142,  lor  1  to  20  terminals.  fw. 

Simplifies  soldering.  Insures  correct  con¬ 
nections.  Saves  time.  Ideal  for  harness  or 
coble  assembly.  Brass  terminals,  cadmium 
plated.  Bokelite  mounting.  Send  for  com¬ 
plete  data. 


HOWARD  B.  JONES  DIVISION 

Cinch  Mfg.  Corp 

1460  W  GEORGe'sT  CHICAGO  18.  Ill 


zOMsi/ 


a,  <v 


PREMIER  DIALS, 
PANELS  &  PLATES 

What  coonts,  mIot-wIm,  la 
what  TOOT  cnatomer  aeee.  What 
goto  the  attention  for  Premlw 
Metol  ProdnctR.  qnoUty-wUe.  la 
th^  Bhorpnoaa  and  dortty  ... 
doaa  tolerancea  . .  .  itch  colon 
cmd  boked-in  finlahea.  Let  na 
tell  yon  how  these  qnaUtlea 
con  add  important  salea^ippecd 
to  yonr  products. 

itched  a  Lithegrophed  oe: 

•  Aleminem  •  aitm 

•  Bronze  •  Copper 

I  •  Monel  •  HIckel  Silver 

J  •  Stoinlen  Steel 

J  WRfTf  FOR  BULLiTIN 


nocuiFD  METAL  ETCHING  COMPANY 

premier 


QooliPv  ProcJocti  for  Owr  35Yeors 
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B  CARBON  COMPANY 
H  ST.  MARYS,  PENNA. 


NEWS  OF  THE  INDUSTRY  (contiiiMd) 

ment  of  the  National  Association 
of  Broadcaster.i. 

Frank  G.-  Back  received  the  Tele¬ 
vision  Broadcasters  Association 
award  for  the  development  of  the 
Zoomar  Lens,  which  makes  possible 
instantaneous  following  of  action 
by  the  camera. 

James  A.  McGregor,  formerly  an 
engineer  with  the  American  Dis¬ 
trict  Telegraph  Co.  and  associated 
with  MIT  Radiation  Laboratory 
from  1940  to  1945,  is  now  president 
of  Microwave  Equipment  Co.,  Ver¬ 
ona,  N.  J. 

Newell  A.  Atwood,-  Commander, 
USN,  engaged  in  electronics  duty 
with  the  Navy  since  1941,  is  now 
Electronics  Officer  at  the  New  York 
Naval  Shipyard,  Brooklyn,  N.  Y. 

Virgil  M.  Graham,  director  of 
technical  relations  for  Sylvania 
Electric  Products,  Inc.,  Flushing, 
N.  Y.,  has  been  elected  chairman 
of  the  Joint  Electron  Tube  Engi¬ 
neering  Council  sponsored  by  RMA 
and  NEMA. 


A  WORKSHOP 

HIGH-GAIN 

ANTENNA 


More  than  triple  the 
effective  power  of  the 
transmitter. 


Increase  the  effective 
power  of  the  mobile 
transmitter.  . 


Increase  the  operating 
area. 


Permit  the  use  of  low 
power,  low  cost  equip¬ 
ment. 


Workshop  High-Gain 
Beacon  Antennas  arc  de¬ 
signed  specihcally  for  the 
152-162  megacycle  band 
— taxicab,  fire,  police, 
and  private  fleet  com¬ 
munications. 


the  only  real  low  temperature  anode 

Cooperative  research,  production  and 
testing  between  tube  manufacturers 
and  the  Speer  Carbon  Company  indi¬ 
cates  that  graphite  anode  tubes  provide 
these  operating  advantages: 

e  Higher  safety  factor  when  overloaded. 

•  Longer  life  even  under  continued  severe 
service. 

•  Stability  of  associated  tube  parts— 
graphite  anodes  do  not  warp . . .  main¬ 
tain  original  characteristics. 

Graphite  anode  tubes  are  available  for 
ultra-high  frequency,  diathermy,  short 
wave  and  FM  transmitters  . . .  and  for 
industrial  applications  such  as  motor 
control,  electro-static  precipitation,  re¬ 
sistance  welding,  electronic  heating, 
counting  and  sorting,  and  many  other 
uses. 

Make  sure  of  cooler,  more  efficient 
tube  operation  by  selecting  graphite 
anode  tubes  for  your  machine. 


Design  Features 

•  Low  angle  of  radiation 
concentrates  energy  on 
the  horizon. 

•  Symmetrical  design 
makes  azimuth  pattern 
circular. 

•  Can  be  fed  with  various 
types  of  transmission 
lines.  Special  fittings 
are  available  for  sp>ecial 
applications. 

•  Enclosed  in  non-metallic 
housing  for  maximum 
weather  protection. 


V.  M.  Groham  E.  D.  A.  Geoghegon 

Eamonn  D.  a.  Geoghegan  has 
been  appointed  factory  manager  of 
the  Chicago  plant  of  Solar  Mfg. 
Corp.  He  was  formerly  chief  en¬ 
gineer  at  Tobe  Deutschmann  Corp. 
in  Canton,  Mass. 

William  C.  Eddy,  director  of  tele¬ 
vision  at  WBKB  in  Chicago,  was 
presented  with  an  award  by  the 
Television  Broadcasters  Associa¬ 
tion  for  application  of  existing  mi¬ 
crowave  equipment  to  a  relay  be¬ 
tween  South  Bend,  Ind.,  and  Chi¬ 
cago. 

Edwin  T.  Kaiser,  previously  asso¬ 
ciated  with  Western  Electric  Co. 
as  design  engineer  and  with  Essex 
Electronics  Co.  as  plant  manager, 
has  been  appointed  production 
manager  of  U.  S.  Fiber  &  Plastics 
Corp.,  Stirling,  N.  J. 


Available  Jor  immediate 
delivery  through  author¬ 
ized  distributors  or  your 
equipment  manujacturer. 


•  LOOK  FOR  GRAPHITE  ANODES  WHEN 
YOU'RE  LOOKING  FOR  BETTER  TUBES 


WORKSHOP 

ASSOCIATES 


INCORPORATED  pat.  app.  for 

Specialists  in  High-Frequency  Antennas 

64  NEEDHAM  STREET 
Newton  Highlands  61,  Mass. 
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'SSbWOOD 


FURNACES 


PHASE 

CHANGING 


i,l  h***!**  ^  M  CO**!  “^i..  •u*t**‘*"‘  B 

ttoy  V«ny  •P^***.^  to  1 


EISLER 

ELECTRICAL  &  ELECTRONIC 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

36  HEAD 
RADIO  TUBE 
EXHAUSTING 
MACHINE 

• 

Wt  Mok* 
CompNtt 
Equipmant 
For  TIm 
•  Monufoctiif* 
Of  Incondu- 
cent  Lamps 
Radio  and  Eloc- 
tronic  Tubos. 

TRANSFORMERS  OF  ALL  TYPES 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


McGRAW-HILL  BOOK  CO.,  INC., 

330  W.  42nd  Stroot,  NYC  18 

Send  me  Zeluff  and  Markua*  WHAT  ELECTRON¬ 
ICS  DOES  for  10  days'  examination  on  approTal. 
In  10  days  I  wlU  remit  S3.00.  plus  a  few  centa  poat- 
ase,  or  return  book  postpaid.  (I’oatace  paid  on 
rash  orders). 

Name . 


Address 


City  and  State. 


Company 


Position  . L-3-48 

(13.60  In  Canada:  order  from  Mi-Graw-IUll  Co.,  of 
Canada.  Ltd..  13  Richmond  St.  K..  Toronto  1) 


SIZES  Va  to  250  KVA 

SPOT  WELDERS 

OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  1/4  to  250  KVA 
Butt  Woldors  •  Gun  Woldon 
Arc  Woldors 
Noon  Sign  Units 
Fluoroscont  Tubo 
Manufacturing  Equipment 


NEW  •  ILLUSTRATED  •  AUTHORITATIVE 


How  electronics 
is  used  today 

— in  industry 

— in  business 


— in  the  home 


ELECTRONICS  — March,  1948 


CHAS.  EISLER 

EISLER  ENGINEERING  CO.,  INC. 

731  Bo.  13th  8t.  (Naar  Avon  Avo.),  Nawarfc  S.  N.  J. 


by  Vin  Zeluff  and  John  Markus 
Associate  Editors,  Elearonics 
318  pMtt, 

Scores  of  photo gro^s  and  diagrams 

A  few  of  the  topics  covered: 
electrostatics  in  painting  and  textiles 
dielectrics  heating  in  wood  manufacture  and 
sterilization 

induction  heating  in  metal  work 
^trasonic  frequencies  in  flaw  detection 
infrared  light  in  color  analysis 


SEE  IT  10  DAYS  FREE-SEND  NO  MONEY 


Shows  you  electronics  in  oction 
WHAT  ELECTRONICS  DOES  pictures  electron  tubes  on 
the  Job — cooking  and  defrosting  foods  .  .  .  spray  painting 
...  separating  ore  .  .  .  detecting  flaws  in  metal  objects 
.  .  .  running  machine  tools  .  .  .  measuring  and  count¬ 
ing  controlling  .  .  .  serving  as  the  "brain"  for  scores 
of  practical  devices— working  with  untiring,  precise,  day- 
after -day  reliability. 

It’a  compreheasiTe — reliable — a  handy  reference  on  the 
practical  applications  of  electronics  in  many  fields.  We 
stiggest  you  send  for  an  on-approvsl  copy — and  judge  for 
yourself.  See  attached  coupon  for  details. 


This  top-notch  book  describes  the  hundreds 
of  electronic  devices  now  at  work  .  .  . 
doing  jobs  better  .  .  .  cheaper  .  .  .  faster 


It  spotlights  over  400  practical  applications  of  electronics 
.  .  .  ranging  from  case-hardening  metal  pieces  to  making 
chnnical  analyses  of  high-octane  gasoline  .  .  .  from 
matching  colors  to  gauging  thicknesses  to  a  millionth  of 
an  Inch.  It  explains  the  gpeclflc  problem  to  be  solved  In 
eadi  case  and  shows  bow  electronics  can  handle  It  quickly 
and  efficiently.  It’a  easy  to  read,  easy  to  understand — 
fully'  illustrated  by  first -rate  drawings  and  photographs 
that  point  up  basic  principles  and  explain  the  complete 
workings  of  each  electronics  machine. 


BECAUSE... 

Cost  is  a  Factor 

CONSIDER 


"CoKtrolled  PerformaiKe’ 

COILS 


Coaiisleat  Nigh  quolity  in  Troniformeri 
and  "mode-to-ipecillcation"  Winding! 
for  ever  a  quorter  of  a  century. 

SPECIFICATION  DATA  INVITED 
FROM  LARGE  VOLUME  USERS 


ForoEgn  OlvItioM 

25  WARREN  ST  •  NEW  YORK,  U.  S.  A. 
CoMo  Address  SIMONTRICE,  NEW  YORK 


WITH  CUSTOM  -  BUILT  FEATURES 


SUmPLIFY 

sj/jmmNG  ^ 

^ilh  _ 

DIRECT-ACTING 
Push  BuKons^ 


.DMignvrs  and  AAonufacturars 
of  Broadcast  Spooch  Equip* 
moot.  School  Sound  Systoms 
and  Rocording  Equipmont. 


Dosignod  and  Fobricatod  by 
tho  Manufocturors  of  High 
Quality  Sound  and  Rocording 
Equipmont  for  tho  Motion 
Picturo  Industry.  - 


Bardwell  &  McAlister’s  new  line  of  Commercial  Amplifiers 
answers  the  great  demand  of  sound  engineers  for  commercial 
amplifiers  embodying  the  principles  used  in  "custom-built* 
units  which  have  been  successful  in  the  sound  equipment  of 
the  motion  picture  industry.  These  principles  result  in  high 
fidelity  reproduction  at  any  setting  of  volume  controls  up  to 
full  rated  output  with  less  than  4%  distortion,  versatility  of 
application,  ease  of  operation  and  the  longer  life  found  only 
in  Bardwell  &  McAlister  Studio  Quality  Amplification 
Systems.  Manufactured  by  Union  Craftsmen  and  fully  licensed. 


NEW  BOOKS 

Very  Hi^-Freqnency 
Techniques 

By  the  Staff  of  the  Radio  Research 
Laboratory,  Harvard  University. 
McGraw-Hill  Book  Company,  Ine., 
New  York,  N.  Y.,  1947,  1,057  pages, 
$14.00  per  set  of  two  volumes. 

These  volumes  are  concerned  pri¬ 
marily  with  the  problems  incident 
on  the  desigi^  of  transmitters,  re¬ 
ceivers,  transmission  lines,  and  an¬ 
tennas  of  considerable  bandwidth 
in  the  frequency  region  from  100 
to  approximately  10,000  me.  The 
greater  proportion  of  the  discus¬ 
sion  is  confined  to  the  region  from 
perhaps  300  me,  where  conven¬ 
tional  lumped-constant  circuits  be¬ 
come  impractical,  to  about  6,000 
me,  which  marks  roughly  the  upper 
limit  of  the  more  successful  de¬ 
signs.  Of  course,  the  discussion  of 
designs  at  higher  frequencies  may 
have  been  limited  by  security  con¬ 
siderations.  In  addition  to  the 
unusual  bandwidth  requirements, 
the  discussion  differs  from  other 
I  presentations  of  wartime  radar  re¬ 
search  in  the  emphasis  on  c-w 
rather  than  pulse  techniques. 

There  is  a  great  deal  of  interest¬ 
ing  material  contained  in  these 
volumes.  The  presentation  suffers 
somewhat  from  the  diflSculties 
which  inevitably  accompany  multi¬ 
ple  authorship;  the  differences  in 
terminology  and  points  of  view  of 
approximately  50  authors  have  not 
been  completely  eliminated.  Thus, 
in  one  chapter  on  antennas,  gain 
otherwise  unspecified  means  gain 
relative  to  an  omnidirectional  ra¬ 
diator,  while  in  another  the  same 
term  denotes  gain  relative  to  a 
dipole. 

A  fairly  successful  attempt  to 
eliminate  repetition  in  various 
chapters  where  fields  of  interest 
overlap  has  been  made  by  extensive 
cross-referencing.  However,  this 
has  the  rather  unfortunate  result 
that  many  of  the  figures  illustrat¬ 
ing  one  chapter  are  likely  to  be 
found  in  another  and,  indeed,  fre¬ 
quently  in  the  other  volume. 

Many  of  the  results  cited  are  of 
considerable  interest  and  seem 
quite  striking  to  one  unacquainted 
with  broadband  techniques.  Thus 
the  use  of  a  single  antenna  and 
transmission  line  system  over  a 
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designer  and  user  of  equipment  and  instruments. 
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9  0-5000  volts  d-c, 
continuously  variable 


9  Only  one  knob  for 
simple  adjustment 


9  Reliable  operation 
assured  by  sirnple, 
trouble-free  circuits 


9  Excellent  regulation 
regardlessof  normal  in¬ 
put  voltage  variations 
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frequency  range  from  100  me  to 
1,400  me  seems  a  rather  remark¬ 
able  accomplishment.  The  discus¬ 
sion  of  high-frequency  oscillators, 
both  power  oscillators  and  local 
oscillators  for  receivers,  seems 
quite  complete.  An  interesting  dis¬ 
cussion  of  the  resnatron  is  a  val¬ 
uable  feature  of  the  book. 

An  adequate  index  is  included, 
together  with  a  bibliography;  the 
latter  is  probably  most  valuable 
for  its  inclusion  of  a  list  of  recently 
declassified  internal  reports  avail¬ 
able  through  the  Department  of 
Commerce. — B.  J.  Miller,  Chief, 
Guided  Missile  Electronics  Section, 
Ordnance  Development  Division, 
National  Bureau  of  Standards. 
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Frequenz  Modulation 

By  Paul  Guttinger.  Verlag  AG 
Gebr.  Leemann  &  Co.,  Zurich  89, 
Switzerland,  1947,  183  pages,  Fr.  26, 

This  compact,  authoritative,  essen¬ 
tially  mathematical  volume  on  phase 
and  frequency  modulation  fur¬ 
nishes  an  excellent  theoretical  foun¬ 
dation  to  teachers,  students  at  grad¬ 
uate  level,  and  research  and  design 
engineers  who  are  interested  in  f-m 
and  can  read  technical  German. 

Three  relatively  independent 
chapters  cover  General  Theory  of 
Frequency  and  Phase  Modulation, 
Distortion,  and  the  Influence  of 
Interference  in  F-M.  In  the  chapter 
on  distortion,  criteria  for  distor¬ 
tionless  transmission  are  estab¬ 
lished  and  formulas  developed 
which  permit  calculation  of  distor¬ 
tion  in  single-and  double-tuned  cir¬ 
cuits.  Formulas  are  also  developed 
for  distortion  due  to  multipath 
transmission  which  lead  the  author 
to  the  conclusion  that  transoceanic 
f-m  transmissions  are  not  feasible. 
The  discussion  on  interference  in¬ 
cludes  an  analysis  of  imperfect 
limiting  which  is  particularly 
timely  in  view  of  the  appearance  on 
the  market  of  a  number  of  so-called 
f-m  receivers  that  could  profit  im¬ 
measurably  by  the  application  of 
the  principles  covered  in  this  sec¬ 
tion. 

The  chapter  on  f-m  transmitters 
discusses  prewar  crystal-controlled 
(phase  shift)  and  reactance  tube 
modulated  f-m  transmitters  in  gen¬ 
eral  terms.  Some  illustrative  ex¬ 
amples,  with  formulas  for  reactance 
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easy  to  read,  handbook  form. 
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education,  one  thing  b  eertaln— the  practleal  help,  the 
daily  nsefubiesi  you  win  derive  froni  it  win  prove  to  be 
worth  many,  many  times  its  astonishing  low  price! 

Advanced  Sale  .  .  .  first  printing. .  Only  10,000  avall- 
ablA  ...  To  make  sure  to  gM  your  RADIO  DATA 
BOOK,  mall  your  order  NOW  I 

IS  ssstlons  .  .  .  1000  gagas  .  .  .  CamgMsIy  INastratsd 

■ssaen  I.  THE  110  BASIC  CIRCUITS  IN  RADIO. 
SastlMl  2.  COMPLETE  TEST  EQUIPMENT  OATA. 
Seettoa  S.  TESTING.  MEASURING  ANO  ALIGNMENT. 
Saetbn  4.  ALL  ABOUT  ANTENNAS. 

Sestba  0.  SOUND  SYSTEMS. 

Ssetlsn  0.  RECORDING 

Seetton  7.  COMPLETE  TUBE  MANUAL. 

Seetles  0.  CHARTS.  GRAPHS  AND  CURVES. 

Section  0.  CODES,  SYMBOLS  ANO  STANDARDS. 
Section  10.  00  TESTED  CIRCUITS  DESIGNED  FOR 
OPTIMUM  PERFORMANCE. 

Seetbn  II.  DICTIONARY  OF  RADIO  AND  ELEC¬ 
TRONIC  TERMS. 


ionization  measurements 

•  Research  men  using  ion  chambers 
and  counters  will  be  quick  to  see  the 
advantages  of  this  continuously  vari¬ 
able  high-voltage  supply.  Up  to  5000 
volts  d-c  can  be  obtained  with  extremely 
good  regulation — output  varies  only 
414  to  5  volts  at  5000  volts  for  input 
changes  from  90  to  1 30  volts.  Large, 
easy-to-read  meter. 

The  remarkably  well-regulated  volt¬ 
age  output  of  this  unit  makes  it  perfect 
for  ionization  measurements  (ion 
chamber,  proportional  counting,  Geiger 
counting).  Use  it  with  the  new  high- 
voltage  counters  for  soft  beta  radia¬ 
tion.  The  complete  unit  is  housed  in  a 
standard  relay  case,  or  the  chassis  can 
be  mounted  in  a  relay  rack. 
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Most  complete  line  of  instruments  for 
radioactivity  research  and  control  avail¬ 
able;  scalers,  pocket  exposure  meters, 
portable  count  rote  meters,  and  many 
accessories,  all  designed  and  developed 
by  experienced  personnel  familiar  with 
laboratory  problems.  Write  Dept.  D  for 
free  "Chart  of  Nuclear  Properties." 
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This  hish  vacuum  pump  is  widtiy  known 
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SONIC  SPKTRUM  ANALYZOR 

A  New  Panoramic  Instrument  For 
ANALYSIS  OF  COMPLEX  AUDIO  WAVEFORMS 

Now  it  is  possible  to  get,  in  a  matter  of  seconds,  a  pictorial 
presentation  of  frequency  distribution  versus  amplitude 
of  the  components  in  a  complex  audio  wave.  Slow  tedious 
point  by  point  checks  are  eliminated. 


APPLICATIONS 

•  Intermodulotion 
Measurements 

•  Harmonic  Analysis 

•  Noise  Investigations 

•  Acoustic  Studies 

•  Vibration  Analysis 

•  Material  Testing 


SEE  AP-I 
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TSE  iie«^  developed  principle  nted  in 
iheee  UPFLO  Modeb  pins  the  use  ol 
improved  •ynthetic  resins  represents  a 
notable  gain  in  BamsteaiTs  70  year  record 
of  making  purer  water  available  to  in* 
dnstry  at  an  ever  lower  cost.  The  raw 
water  flows  UP  through  the  resins  which 
results  in  greater  elBdency  and  entirely 
liew  simplicity  operation.  Completely 
eliminates  the  need  for  backwashing.  Valve 
operations  are  reduced  and  regeneration 
time  cut  neariy  in  half. 

These  compact,  efficient,  cost-saving  units 
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carbonates,  chlorides,  etc.  Constructed  of 
Stainless  ^eel.  Flow  rates  from  3  to  100 
Gallons  per  hour.  Other  Bamstead  de- 
mineralisers  up  to  1,000  gallons  per  hour. 
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tubes  which  take  transit  time  into 
account,  show  the  importance  of 
this  factor  in  the  choice  of  react¬ 
ance  tube  connection. 

The  final  chapter  on  f-m  receivers 
contains  material  of  interest  to  the 
designer.  In  the  discussion  of  the 
r-f  stage,  formulas  are  developed 
for  input  resistance  and  capacitance 
which  include  the  influence  of  grid- 
plate  capacitance,  plate  circuit  tun¬ 
ing,  transit  time,  and  cathode  in¬ 
ductance.  For  the  i-f  amplifier  a 
criterion  is  ’given  to  limit  circuit 
distortion  to  1  percent.  Formulas 
for  gain  per  stage  and  amplitude 
characteristic  in  db  for  single-and 
double-tuned  stages  are  also  given. 
The  discussion  on  the  limiter  is  ex¬ 
cellent  but  is  concerned  with  prin¬ 
ciples  rather  than  actual  circuits. 
The  chapter  closes  with  a  discussion 
of  discriminators  and  a  mathemat¬ 
ical  analysis  of  the  commonly  used 
phase  discriminator. 

This  volume  also  contains  a  math¬ 
ematical  appendix  on  Bessel  func¬ 
tions  and  complex  integration  and 
an  extensive  chronologically  ar¬ 
ranged  f-m  bibliography  of  nearly 
300  items  running  from  1922  to 
1947. 

To  anyone  interested  in  f-m  and 
having  a  reasonable  working  knowl¬ 
edge  of  German,  this  book  will 
prove  a  useful  tool. — John  H.  Bose, 
Columbia  University,  New  York, 
N.  Y. 
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Service  Manual 

PUBUSHED  BY  HOWARD  W.  SaMS  & 
Co.,  Indianapolis,  Indiana,  October 
1947,  approx.  400  pages,  $4.96. 

This  book  provides  complete  and 
standardized  service  data  on  41  dif¬ 
ferent  postwar  automatic  record 
changers  and  recorders,  including 
the  Brush  Soundmirror  magnetized 
paper  tape  recorder.  Brush  Mail-a- 
Voice  magnetized  paper  disc  re¬ 
corder,  Silvertone  model  771  wire 
recorder,  St.  George  series  1100 
wire  recorder,  and  Webster  models 
79  and  80  wire  recorders.  Each  of 
the  41  sections  contains  entirely 
original  data  based  on  first-hand  ex¬ 
amination,  test,  and  analysis  of  the 
actual  instrument,  just  as  is  done 
for  radio  receiver  models  during 
preparation  of  Photofact  Folders 
published  by  the  same  company. 

Two  opening  chapters,  devoted 
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Investigate  the 

EDISON  MODEL  501 
THERMAL  RELAY 


EdisoH 

iilikJ 


The  Edison  Model  501  Thermal  Relay 
solves  many  circuit  problems,  such  as 
timing,  over-  and  under-voltage  or  cur¬ 
rent  protection,  cathode  protection,  mo¬ 
tor  starting,  integration  and  "holdovers.” 


DflAY  INTERVAL: 

5  seconds  to  8  minutes, 
faaory  preset. 

CONTACT  RATINO: 

6  amp.  at  250  volts  AC 
or  Dc,  normally. 

HUTIR  INPUT: 

5  watts  nominal,  con¬ 
tinuous  excitation,  up 
to  1 1 5  volts  AC  or  DC. 

CONTACTS: 

SPST,  normally  open 
or  normally  closed. 


AMRIENT  RANGE 
COMPENSATION: 

-60*  C  (-76*  F)  to 
-i-60’  C  (-I-140*  F). 

DIMENSIONS: 

IVi"  diameter  x  3  VS" 
height,  seated. 

WEIGHT: 

0.08  lb. 

MOUNTING: 

Standard  octal  or  4- 
prong  tube  base. 


Write  for  Publication  No.  3007. 

THOMAS  A.  EDISON,  Incorporated 

INSTRUMENT  DIVISION 

200  LaktsMi  Atiim  •  Wist  Oni|i,  Niw  Jirsq 


Here's  a  SOUND 

FM  INVESTMENT 

the  new 

UNIVERSITY 

TWEETER 


It  Pays  Big 
Dividends  in 
Listening  Pleasure! 

If  yon  appreciate  good  tone  quality — music 
that  sounds  exactly  as  it’s  played — then 
hook  one  of  these  inexpensive  tweeters  to 
your  present  cone  spesJter.  Simple  high- 
pass  filter  permits  quick  connection  di- 
rtctl^  to  the  voice  coil  terminals  of  the 
exisung  speaker.  Only  two  soldered  coo- 
neaions  and  you  immediately  enjoy  full 
range  speaker  response  up  to  15,000  cycles. 
UNTVwSrrY  tweeters  are  available  in  a 
handsome  walnut  cabinet  and  in  single  or 
dual  unmounted  types.  Prices  from  S20.00. 
Write  UNIVERSITY  LOUDSPEAKERS. 
INC.,  80  South  Kensico  Avenue,  White 
Plains.  N.  Y, 


A 

L 

Model  MM252 
Model  MM272 


New  Direct  Reading  Wattmeter — MicroMatch  models  MM2S2  and  MM272 
-—can  be  used  in  laboratory  or  field  to  monitor  continnonsly  RF  power 
or  standing  wave  ratio  at  levels  up  to  500  watts,  and  may  be  used  to 
measure  momentary  power  levels  up  to  1000  watts.  Price,  either  model 
$60.00 

SPECIFICATIONS 


FVeqneney  Range  S  to  ISf  Meamerelea 
Tranamlasion  line  Impedance  U  (MMtSt)  or  IS  (MMSTt) 
Wattmeter  Seales  0  to  IS,  ISO  aind  ISSS  watts 
Range  of  Power  measurement  1/lS  to  lOSS  watts 
Power  range  for  8WR  measurement  S-ISSS  wattmeters 
Reflection  Coeflicleat  leas  than  34  db. 

Power  loss  through  Instrument  leas  than  S/IS  db. 
Connectors  Amphenol  type  88-24;  also  available  8S-1R 


Power  loss  through  Instrument  leas  than  8/lS  db. 

Connectors  Amphenol  type  88-84;  also  available  8S-1R 

Write  for  complete  details  on  these  and  other  MicroMatch  SWR  and  RP  power  monltom. 

M.  C.  JONES  ELECTRONICS  COMPANY 

BRISTOL,  CONNECTICUT 

Olttrtbatsd  ssttlds  esstlnmtsl  U.8.A.  by  RCA  lirtwsaMssal  DMtiso  Radis  Csrporstiss  sf  Ansrtsa. 


FUamsnto.  anodss,  sapporto,  springR.  ole. 
lor  slsctronic  tubas.  Small  wiis  and  flat 
mstol  formed  parti  to  your  prints  lor  your 
asssmblies.  Double  pointsd  pins.  Wire 
Btroightsned  and  cut  diomster  up  to  Vh- 
inch.  Any  length  up  to  12  feat. 

LUZON  fishing  tackla  accoasorise. 
Inquirioa  will  rocoiva  prompt  ottontlon. 

ART  WIRE  AND 


oVdid  Ji,  frWofi 


227  High  St 


Nowork  2.  N.  J. 


^g\weers  Who  know 

DANO  COILS 


For  superior  porfotmanco,  for  sldllod  work¬ 
manship,  lor  taatad  dapaadabilitr  la 
maqnatic  coil  windinga. 

•  Form  Wouad  •  Acetate  Ssctioa 

•  Fuper  Ssctioa  •  Bokslits  Bobbis 

•  Acstuts  Bobbia  •  Cottoa  Inttrwsovs 

Fvsry  fob  made  to  your  indMduol  spocHicatiom 
Also  Jransformots  to  Tour  Spocificatioos 


ELECTRIC  CO. 


9  3  MAIN  ST. 
WINSTED,  CONN. 
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-LL  you  need 
Radio  Parts. . . 


UNITED -CARB 
rASTEW*^  Coip 

.SSWHUStl’S 


CkMBR'DGt 


NEW  BOOKS  fCMtiaiKd) 

to  general  types  of  automatic  record 
changers  and  types  of  motor  drive 
systems  associated  with  them,  are 
gems  of  technical  organization  and 
writing  on  a  complicated  subject. 
The  various  methods  used  for  rec¬ 
ord  support,  record  selection,  pickup 
arm  handling,  determining  set- 
down  point,  and  tripping  are  de¬ 
scribed  clearly,  concisely,  and  logi¬ 
cally  so  that  one  gets  a  satisfying 
complete  picture  of  how  these  mech¬ 
anisms  are  supposed  to  work. 

Going  far  beyond  the  usual  manu¬ 
facturer’s  service  manual,  this  book 
with  its  clear-cut  instructions  and 
illustrations  truly  offers  an  educa¬ 
tion  in  the  latest  styles  of  mechani¬ 
cal  gadgetry  for  converting  record¬ 
ings  to  sound  automatically. — J.M. 


FOR  HIGH  FREQUENCY 
INSULATION 


in  quantities 


suitable  to  Volume 


Production 


Mathematics  for 
Radio  Engineers 

By  Leonard  Mautner,  Research  En¬ 
gineer,  Allen  B.  DuMont  Labs.  Pit¬ 
man  Publishing  Corp.,  New  York, 
1947,  327  pages,  $5.00. 

Written  for  engineers  who  have 
lost  facility  in  handling  mathema¬ 
tics  and  those  who,  although  pro¬ 
ficient  in  radio  techniques,  have 
never  acquired  a  command  of 
mathematics,  this  book  briefiy  re¬ 
views  the  elements  of  enumeration, 
then  describes  trigonometric  rela¬ 
tions,  complex  algebra,  differential 
and  integral  calculus,  solution  of 
differential  equations,  and  Fourier 
series.  In  scope  the  book  pene¬ 
trates  further  into  the  subject  than 
books  intended  for  technicians,  but 
is  less  extensive  than  engineering 
texts  used  in  colleges.  As  such  it 
bridges  a  gap  in  math-book  litera¬ 
ture. 

Although  this  is  a  mathematics 
book,  material  is  presented  in  its 
relation  to  typical  basic  problems  of 
radio  rather  than  as  abstract 
mathematical  methods.  The  pre¬ 
sentation  thus  makes  the  subject 
more  tangible  than  usual  works  of 
this  calibre.  Because  of  the  choice 
of  only  those  phases  of  mathematics 
frequently  encountered  in  solving 
radio  circuit  problems,  and  the  close 
correlation  of  the  mathematics  with 
radio,  engineers  will  find  this  book 
a  ready  key  to  mathematics  in  their 
work.  Answers  are  included  for 
the  problems  at  the  ends  of  the 
chapters  so  that  the  book  is  useful 


pay  you  to  call  upon 


of  United-Carr  and  its 


LOW  COST 

HIGH  HEAT  RESISTANCE 
GOOD  MACHINABILITY 


They  have  helped  many 


G-E  #  1422  is  a  new  development 
in  plastics  to  meet  demands  for  a 
low-cost  insulating  material  for 
high-frequency  use.  Its  outstanding 
properties  include  high  temperature 
resistance  and  good  machinability. 

Available  in  both  rod  and  plate 
stock,  G-E  #1422  is  an  ideal  mate¬ 
rial  for  structural  components  in 
high-frequency  and  ultra-high- 
frequency  equipment.  It  is  particu¬ 
larly  suited  for  applications  where  a 
low  power  factor  is  required  and 
where  high  operating  temperatures 
prevent  the  use  of  commercially 
available  materials  such  as  poly¬ 
styrene. 

Connector  beads  precision  ma¬ 
chined  from  G-E  #1422  rod  stock 
maintain  their  shape  up  to  200  C 
(392  F)  and,  when  fully  loaded,  sur¬ 
pass  the  highest  operating  tempera¬ 
tures  recommended  for  RG  type 
coaxial  cables. 

Send  for  additional  technical 
data  on  G-E  #1422.  Write  to  Section 
AF-3  Plastics  Division,  Chemical 
Department,  General  Electric  Co., 
Pittsfield,  Mass. 


manufacturers 


★  CUT  COSTS 


★  SPEED  PRODUCTION 


★  TURN  OUT  FINER 
FINISHED  PRODUCTS 


srenees 


ELECTRONICS 


D.M.  STEWARD  MEG.  COMPANY 


AAoin  Office  4  Works:  Choffonoogo,  Tenn 
Needfon,  Mass.  *  Chicago  •  los  Angeles 
York  •  Philadelpiiia 


KENYON 

TRANSFORMERS 


Eagin^ers  spadiy  Kenyon 
Trcmsiormen  for  dependable 
perfonnance.  Famous  for  con- 
senrotiTe  raiinqs  and  rugged 
construction,  Kenyon  tronsiorm- 
ers  are  preferred  for  long, 
trouble-free  service  in  quality 
equipment 

TERMINAL  carries  a  complete 
stock  of  Kenyon  transformers 
and  chokes  for  power  and 
audio  requirements. 

Catalog  on  request. 


THE  NAME  TO  REMEMBER 


'TVIRECT  compitrison  with  a  live  orchestra  shows 
^  that  ordinary  single  cone  diaphragms  are  deficient 
in  the  highest  frequencies. 

Mr.  P.  C.  A.  H.  Voigt  therefore  devised, 
in  1933 

THE  TWIN  DIAPHRAGM 
(Brit.  Patent  No.  4l3,73>f. 

In  this,  a  sing/e  speech  coil  drives  two  truncated 
cones.  It  is  one  of  the  simplest  methods  of  extending 
the  response.  It  has  the 'special  merit  of  eliminating 
crossover  networks,  but  will  not  sound  true  unless 
angles,  slant  heights,  materials,  etc.  are  all  just  right. 

IS  OUR  DESIGN  SATISFACTORY??? 

That,  YOU  must  judge  for  yourself 
when  you  have  the  chance  .  .  . 


Distributors  of  Electronic  Equipment 
85  CORTLANDT  ST. 

NEW  YORK  7,  N.  Y. 

Phene:  WOrth  2-4415 


“TfflS  IS  THE  BEST” 

TJhe  COLLINS  Custom  Built  FMIAM  Tuner 


This  niner  has  received  wide  acclaim  throughout 
the  country  as  the  best  medium  for  reception  of  FM 
and  AM  broadcasts.  Many  extra,  personal  mccev 
sories  may  be  ordered  with  the  tuner  to  make 
it  exacdy  what  you  want.  Its  17  tube  circuits  em¬ 
ploy  Armstrong  FM,  full  complement  of  vacuum 
tubes,  self-conuined  power  supply  and  latest  cir¬ 
cuit  developments.  Write  for  full  information 
about  this  marvelous  product. 


STEATITE 

CERAMIC 


126  PARK  ST. 


Ttltpbomt;  Wnt field  2-4990 


Propcrtios  and  CharoctarlsNcs  of  Oar 
LAVITE  51-5  StMtite  Cwamic  Body 

atrMtgIh  . M.OOO  lh«.  a»r  wmittn  inch 

TimisiIc  atrcnath  .  T.aOO  Ibc.  pc  pqwnrc  Inch 

Flcyrnl  Mrrnath . lO.SOO  Ihc.  per  cnMrc  inch 

|Myl«c  p(  nuptur* . 30,000  Ibc.  Mr  cnuarc  Inch 

bi.lcctric  StrMjrth  . SSB  voile  Mr  mil 

Lw  Pnetor . 3.00  } 

Fewe  Paetc  . 440  I  *  moBocycIc 

■elk  SpoclOc  Oravity...,^ . 3.004*'. 

bwiiily  (from  abov*  gravity) .  .  .  0.000  lb*.  Mr  cubic  inch 

■Mn***  iMahr  ccal*)  . 7.0 

Sanening  T*mMra«ur* . 3.SOO°P. 

Liiwar  OadOcient  of  Ocnancion . O.tSnSO.^ 

Itoillur*  Abcorplion  (4STM  D-ltO-43-4) . O.OOOW. 

Desi^  engineers  and  manufacturers  in  the  radio, 
electrical  and  electronic  fields  are  finding  in 
LAVITE  and  precise  qualities  called  for  in  their 
•pecifications  .  .  .  high  compressive  and  dielectric 
nrength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  adds,  and  hish  beat.  The  exceed¬ 
ingly  low  loss-factor  of  LAVITE  plus  its  excel¬ 
lent  workability  makes  it  ideal  for  all  high  fre¬ 
quency  applications. 

We  wiU  gladly  supply  samples  for  testing. 


PAMARCO  X  TENSION 


PAMARCO  tensions  are  the  perfect 
answer  to  lower  coil  winding  costs! 


*  FINGER  TIP  TENSION  CONTROL 

*  OPERATOR  MARES  OWN  ADiUSTMENTS 

*  NO  TOOLS  OR  ACCESSORIES  NEEDED 

*  FITS  ALL  COIL  WINDERS 


The  free-running  action  of  the  PAMARCO  tension  practically 
eliminates  defective  coils.  Their  compact  site  permits  more 
simultaneous  coil  winds  on  mmy  machine.  Operator  makes  all 
adjustments  for  any  gauge  wire  with  simple  thumbscrew. 

'  Write  Dept.  E-J  for  Literature  Today 


PAPER  MACHINERY  &  RESEARCH,  INC. 

lOU  OAK  STREET  •  ROSELLE,  NEW  JERSEY 


rNtsi 
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.m  re. 


PACX  A(i£D  t  \Otf*r£P/VO 


NEW  BOOKS  (cMtiiiMtd) 

for  home  study.  The  work  is  also 
suited  for  trade  schools  which  be¬ 
lieve  that  radio  technicians,  to  ad¬ 
vance  in  their  work,  should  be  well 
grounded  in  mathematics. — P.  R. 


Bring  the  brilliance  of  fine  music 
into  your 
living  room 


Books  Received  for  Review 


ELKCTRETS.  By  Thomas  A.  Dickinson. 
Plastics  Research  Co.,  Alhambra,  Calif., 
1948,  32  pages,  $2.50.  Pocket-sixe  mono¬ 
graph  dealing  with  properties,  applica¬ 
tions,  and  manufacturing  techniques  of 
electrets,  defined  as  dielectric  bodies  that 
retain  an  electric  field  after  the  applied 
voltage  is  removed.  Purpose  of  book  is 
to  show  that  expensive  permanent  mag¬ 
nets  for  electronic  equipment  can  be  re¬ 
placed  with  polarised  dielectrics  such  as 
plastic  or  ceramic  units. 


iNOue  suppressor,  mooei  _  .  .  .  ,  _ i:i:„  j. 

pncdadlv  eliimnates  record  scratch  mod  . 

Lss  rumble  without  distortion! 

namic  Noise  Suppressor,  Model  910-C, 
Once  you  have  heard  the  faithful-  especially  designed  for  AM  and  FM 
noise-free  reproduction  of  the  Model  broadcasting  sutions. 

210-A,  you’ll  agree  there’s  nothing  that  Send  in  your  order  or  write  for  com- 

compares  with  this  unit  for  those  who  plete  spedncations  today. 

want  the  very  best.  Visit  our  exhibit  at  the  I.R.E.  Na- 

n  •  •  1  j-  •  Li  tional  Convention,  March  22-25. 

Price:  $256,  including  vanable-re-  ^ 

luctance  pickup  cartridge  and  tax.  Avail-  *Lleeiwed  under  Hermon  Hosmer  Scott  PatenH 
able  for  early  deliveries.  Pending 

ENGINEERING  REPRESENTATIVES 

CHICAGO:  1024  Superior  St..  Oak  Park,  III.,  Pftone  Village  9245 
HOU.YWOOD:  623  Guaranty  Bldg.,  Hollywood  21,  Calif.,  PBone:  Hollywood  SMI 

HosmdI  SCOTTinc. 


UNDERSTANDING  VEXyrORS  AND 
PHASE}.  By  John  F.  Rider  and  Seymour 
D.  Usian.  John  F.  Rider  Ehibllsher,  Inc.. 
New  York,  N.  Y.,  1947,  163  pages,  9S 
cents.  Pocket-sixe  paper-cover  book  for 
men  lacking  an  en^neering  background, 
to  help  them  understand  radio-electronic 
articles  and  books  written  at  the  engi¬ 
neering  level  Slight  chapters  explain 
vectors  and  give  examples  of  their  use 
in  radio  circuits. 


SPI  HANDBOOK.  Society  of  the  Plastic* 
Industry,  295  Madison,  New  York,  N.  Y.. 
1947,  461  pages,  $7.50.  Though  prepared 
by  a  committee  of  some  300  authorities 
in  the  field  as  a  handbook  for  molders 
and  fabricators  of  plastics  parts,  much  of 
the  contents  is  of  importance  also  to  the 
ultimate  user.  Chapter  coverage  Includes 
design  of  molded  articles,  use  of  inserts, 
cementing  and  assembly  of  plastics,  ma¬ 
chining  and  finishing  and  recommended 
practices  for  fabricating  laminated  pla.« 
tics. 


385  PUTNAM  AYE.  •  CAMBRIDGE  39,  MASS. 


INDUSTRIAL  APPLICATIONS  OF  IN- 
ERAREID.  By  James  D.  Hall,  Advlsoo 
Elngineer,  Lamp  Division,  Wc^nghouse 
Electric  Corp.  McGraw-Hill  Book  Co.. 
New  York,  1947,  201  pages,  $3.50.  What 
would  have  been  one  chapter  of  a  book 
on  heating  several  years  ago  has  now 
justified  expansion  by  inclusion  of  numer¬ 
ous  specific  examples  of  use.  Chapters 
discuss  infrared  heat,  equipment,  installa¬ 
tion,  and  applications  of  infrared  lamps 
for  a  variety  of  processes  requiring  sur¬ 
face  application  of  low-level  heat. 


For  Radioacrivity 

Measurements ! 


A  Direct  Dedmat 

Scale  Registration 
A  Scaling  Factors  of 

10,  100  and  1000 
Alow  Resolution  Time 
—  5  Microseconds 
A  Solf-Centained  Me¬ 
chanical  Register 
A  Rogulotod  High  Volt¬ 
age  Power  Supply 
A  Provision  for  Clock 
Timer 

A  High  Sensitivity 

—  0.25  Veh 
A  Stable,  No 

Adjustments 
A  High  Quality 

Construction 

FOR  COMPLETE  LI'TERATURE  OR  CONSULTATION  ON 
HIGH  SPEED  COUNTING,  TIMING  AND  CONTROL 
PROBLEMS  CALL  OR  WRITE  DEPARTMENT  SG,  TODAY. 


PERPETUAL  TROUBLE  SHOOTER'S 
MANUAL,  VOL.  XV.  John  F.  Rider,  Pnbl. 
Inc.,  New  York,  N.  Y.,  1947,  over  1,200 
pages,  plus  181-page  HOW  IT  WORKS  sup¬ 
plement,  $18.00.  This  series  constitutes 
a  tool  for  radio  servicemen  and  a  guide  to 
current  radio  practice  for  set  designers. 
Where  original  manufacturers’  diagrams 
are  not  clear,  supplementary  diagrams  have 
been  added.  The  paper-bound  supplement 
covers  new  electrical  and  mechanical  fea¬ 
tures  of  receivers  and  has  an  index  to  the 
manual.  Among  snbjecta  Included  are  tbs 
double  superhet,  superhet  oscillators,  rf 
coupling,  feedback,  phase  inversion,  gim¬ 
micks,  and  f-m  clrcnits. 


THE  NEW  ROTTER 

DECADE  SCALER 

Model  2092-<495.oo 


THE  ABC  OF  ELBCTRONICS.  By  E 
B.  Watton.  Perclval  Marahall  A  Co.  Ltd., 
23,  Great  Queen  St.,  London,  W.  C.  t 
1947,  183  pages,  7/6.  Bird’s-eye  view  of 
modern  industiial  electronics,  with  one 
chapter  on  communications,  combining 
technical  explanations  of  operating  prin¬ 
ciples  with  popular  descriptions  of  sucb 
applications  as  the  Radarange,  snooper¬ 
scope,  speaking  clock,  and  tube  train 
counter.  Well  illustrated. 


TABLE  OP  THE  BESSEL  PUNCTIOSS 
J®(a)  AND  J»(S)  FOR  COMPLEX  ARGU¬ 
MENTS,  2nd  ed.  Mathematical  Tables 
Project,  National  Bureau  of  Standards,  Co¬ 
lumbia  University  Press,  New  York,  1947, 
403  pages,  $7.60.  A  clarification  in  label¬ 
ing  graphs  has  been  made  in  this  edition 
No  errors  in  the  tables  having  been  re¬ 
ported,  they  have  been  reproduced  from 
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Pickering  S  Company.  Inc 

29  West  S7th  Street  Nclu  York  19.  I 


10R 

)  SATiSfACTORy 
CANNOT  BE-ION^ 


SPECIAL  CRYSTALS 


EVERY  Pickeiwg  Cartridge  tvhich  leaves  our  laboratory 
has  been  carefully  tested  for  the  following  characteristics^ 
the  allowable  limits  for  which  are  shown; 
mOUENCY  lESPONSI  • 


:3  *,  40-10,000  c|m 
WAVIFOIM  DISTOITION  •  t  ^  CMt  inaxiNwm 
OUTPUT  LEVEL  •  TO^Uivcht,  ±Ub 

TIACKING  PSESSUSE  •  IS  gram  max.  of  40  onS  10,000  ^ 

IN  ADDITION,  optical  inspection  of  the  stylus  polish 
and  shape,  tneehatucal  inspection  of  the  moving  parts,  and 
electrical  inspection  of  the  pickup  coil  has  been  made  on 
each  tmft. 

REGULAR  samplir^  tests  reveal  absolute  stability, 
amazing  ruggedness,  and  complete  insensitivity  to  the 
effects  of  temperature  and  humidity. 


Spaded  qaorti  errstoU  mod#  by  tpadaltola 
to  your  opociilccrtioiia  tor  any  aloctronie  or 
epticed  appUcotion. 


it  Mltrotonic  transducon 
if  drcalar  or  squoro  roienatort 
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for  laboratory  and  industry 

Sidward  Mod#/  3-A 

MIUIOHMMETER 


TRANSFORMERS  -  COILS 

Any  or  all  Types  built  to  inditidutd  tpeeifiemtUms 
RESEARCH  .  DESIGN  •  PRODUCTION 
Singfe  Items  or  Quantity  ProduetUm 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

2921  WEST  OLIVE  STREET  BURBANK,  CALIFORNL 
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ENGINEERED  TO  MEET  THE  MOST 
EXACTING  REQUIREMENTS 
Resistances  con  be  read  os  low  os  1/1000  of 
on  ohm  ond  os  high  os  2  ohms  on  a  linear 
Kale  calibrated  directly  in  milliohms. 

Readings  simplified  by  evenly  divided  scale  of 
100  equal  divisions  and  two  overlapping  ranges 
0-200  and  0-2000  milliohms  full  scale  deflec¬ 
tion. 

The  lead  resistance  problem  is  eliminated. 

A  breaker  relay  protects  meter  from  damage. 
Housed  in  a  portable,  rugged,  hardwood  case, 
9y4"  X  6"  X  AW. 

A  SIMPLE,  ACCURATE  and 
DEPENDABLE  INSTRUMENT 
Write  Per  additional  Mormation 


By  E. 
o.  Ltd.. 
,  C.  1. 
view  of 
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Our  modern  fabrication  plant  is  equip¬ 
ped  to  handle  the  precision  fabrication  of 
radio  chassis,  transformer  coses,  stampings, 
boxes,  and  specialties. 

Progressive  &  compound  dies 
90-ton  maximum 
No  quantity  too  large 
No  amount  too  small 

FABRICATION  &  ASSEMBLY 


TOOL  DEPT. 
PRESS  DEPT. 
PROD.  DEPT. 
MODEL  DEPT. 
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Backtalk 

This  department  is  oper¬ 
ated  as  an  open  forum 
wh^re  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


Reference  Sheet  Data 

Dear  Sirs: 

Meticulous  readers  who  wish  to 
use  the  graph  in  the  Reference 
Sheet,  Efficiency  of  Inductive  CJoup- 
ling,  page  138,  December  Elec¬ 
tronics,  may  make  the  following 
additions. 

In  the  formula,  subscripts  can  be 
added  to  Q  in  both  places  where  it 
appears.  In  the  lefthand  graph,  all 
values  of  Q,  are  identical  with  the 
values  given  in  the  righthand 
graph.  The  primary  resistor  in  the 
diagram  can  be  indicated  as 
The  ordinates  of  both  parts  of  the 
graph  are,  of  course,  ktQ^- 

A.  C.  Hudson 

National  Research  Laboratories 
Ottawa,  Ontario 


Hartley  Law 
Dear  Sirs: 

Electronics  is  to  be  complimented 
upon  the  fast  and  clear  reporting 
of  the  IRE  s3miposium  regarding 
the  revision  of  Hartley’s  Law  which 
was  held  in  New  York  on  November 
12,  1947. 

Since  so  little  has  appeared  on 
this  subject  treating  it  in  a  general 
way,  I  feel  that  one  correction  is 
necessary  for  the  historians.  The 
first  statement  of  the  new  law  to 
appear  in  print  was,  to  my  knowl¬ 
edge,  in  the  Quarterly  Progress  Re¬ 
port  of  the  Research  Laboratory  for 
Electronics  of  the  Massachusetts 
Institute  of  Technology,  dated  15 
April  1947,  which  receives  an  ex¬ 
tensive  circulation  among  the  mili¬ 
tary  services.  Electronics  can 
probably  lay  claim  to  first  publica- 


Type  M.114 
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Control  of 

VIBRATION  and  IMPACT 

.  .  .  with  special  emphasis 
on  the  field  of  electronics 

We  offer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  isolators  for  commercial,  in¬ 
dustrial  and  military  applications . . .  also  an  Engi¬ 
neering  consulting  service  on  special  problems. 


A  letter  from  yon  will  give 
ns  the  opportunity  to  dem¬ 
onstrate  how  we  can  help 
you. 

Catalogue  on  Request 


See  our  Booth  No.  200  B  at  the 
I.R.E.  those 


THE  BARRY  CORPORATION 

formerly  I  N  BARRY  CO.,  INC. 

1^  177  SIDNEY  STREET 

CAMBRIDGE,  MASS 


142-4S  Rootovalt  Avonwa 
noshing.  Now  York 


NOW!  SELF-CONTAINED,  EXPERIMENTAL 
SCHOOL  & 

INDUSTRIAL 


LAB  EQUIPMENT 


Repco  laboratory  Multiple 
Power  Supply  Model  103, 
available  separately . 


Kapco  CleOrenie 
Instruction  Panel 
Model  104, 
available  sep¬ 
arately. 


Now  you  con  porform  oloctronic  oxporimontt 
simply,  oosily  with  th«  Kopco  Electronic  Instruc¬ 
tion  Ponol.  H«r«  is  a  tooching  aid  that  graph¬ 
ically  illustrates  vacuum  tuba  principles  — 
enables  oil  students  to  grasp  fundamentals  in 
the  laboratory. 

Extremely  versatile,  the  Kepco  Electronic  In¬ 
struction  panel  covers  o  wide  range  of  tubes, 
comes  with  o  packet  of  23  keyed  interchange¬ 
able  circuit  charts,  3  master  charts  and  1 2  blank 
keyed  sheets  for  additional  experiments.  Panel 
contoins  3  octal  tube  sockets,  1 8  binding  posts. 
By  placing  a  keyed  circuit  diagram  on  the  panel 
and  wiring  the  circuit,  students  determine  tube 
and  circuit  characteristics. 

For  a  basic  electronic  instructional  aid  that 
vastly  simplifies  the  teacher's  task,  it's  the 
Kepco  Electronic  Instruction  Panel  I 


Now  you  can  eliminate  the  use  of  cumber* 
some  separate  voltage  supplies  with  the  Kepco 
Laboratory  Multiple  Power  Supply.  Designed  to 
be  used  with  the  Kepco  Electronic  Instruction 
Panel,  this  versatile,  compact,  easy-to-use  unit 
supplies  four  commonly  used  voltages,  is  inval¬ 
uable  for  the  school  or  industrial  laboratory. 

CHECK  THESE  FEATURES: 

Two  continuously  variable  B  supplies,  ad¬ 
justable  from  0-300  volts  of  120  m.a. 
Variable  IgridI  supply,  adjustable  from 
minus  50  to  plus  SO  volts  of  5  m.o. 

6.3  volt  fllamont  supply  of  5  amperes. 

All  connections  made  to  sturdy,  front  panel 
binding  posts. 

Input:  105  to  125  volts,  50  to  60  cycles. 
Two  5Y3  rectifiers.  Two  6Y6  control  tubes. 
16"  long,  B"  high,  BV'  deep.  Wgt.:  28  lbs. 


WRITE  FOR  FULL  INFORMATION  TODAY  I 
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Am  PE  RITE 

MICROPHONES 


0«»n  a  cop7  of  this  time-saying 
reference.  Gives  over  10,000  list¬ 
ings  of  electronic  engineering  ar¬ 
ticles  arranged  under  450  subject 
headings.  Covers  the  all-important 
period  1935-1945. 


The  ultimate  ia  microphone  quality,  the  new  Amperite 
Velocity  hot  proven  in  octual  practice  to  give  the  high¬ 
est  type  of  reproduction  in  Broadcasting,  Recording,  and 
Public  Address. 

The  major  disadvantage  of  pre-war  velocities  has 
bee'n  eliminated — namely  “boominess’'  on  close 
talking. 

♦  Shout  right  into  the  new  A mperite  V elocity—or 
stund  2  feet  away — the  quality  of  reproduction 
is  always  excellent. 

%  Harmonic  distortion  is  less  than  1%  (Note:  best 
studio  diaphragm  mike  is  500%  higher). 

#  Practically  no  angle  discrimination  .  .  .  120® 
front  and  back.  (Best  studio  diaphragm  micro¬ 
phones — discrimination  800%  higher). 

#  One  Amperite  Velocity  Mi- 

^crophone  will  pick  up  an 
.  entire  symphony  orchestra. 
m  STLDIO  VELOCITY,  finest  in 
■  quality ;  ideal  for  broadcasting 
W  and  Recording. 

Models  K«SH.Ba0I..LIst  fSS.SS 
There  it  an  Amperite  Micro- 
phone  for  every  requirement. 

fLgjgH  WRITE  FOR  ILLUS- 
I  ywi  I  TRATED  4-page  folder 

giving  full  information  and 
111  f «  prices. 

P.  O.  Dynamic 
ModeU  POH,  POL 
List  fSt.sa 

Address  inquiry 
attention  Dept.  E 


AMPERITE 
Velocity  Microphones 
for  Public  Address 
Models  RBHG,  RBLG 
List  $42.00 


This  is  a  limited  edition.  Send  for 
your  copy  now  ON  10  DAYS  FREE 
APPROVAL 


“Kontak”  Mikes 
Model  8KH,  list  flS.SS 
Model  KKH,  list  $18.00 

In  Canada : 
Atlas  Radio  Corn 
.  660  King  St.  W. 

Toronto,  Ont. 


MPERITE  tompany 

NEW  YORK 


Sfil  BROADWAY 
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frebsbly  no  other  orqaniMtlon  Is  ss 
well  squippod  st  McGrsw-HIII  to 
iolvo  the  complicated  problem  of 
lilt  maintenance  during  this  period 
of  unparallalad  change  In  industrial 
personnel . 

Mc6raw-HIII  Mailing  UsH  cover 
most  major  industries.  They  are  com¬ 
piled  from  oxclusiva  sources,  and  era 
based  on  hundreds  of  thousands  of 
mail  questionnaires  and  the  reports 
of  a  nation-wide  field  staff.  All  names 
era  guaranteed  accurate  within  2%. 

Whan  planning  your  direct  mail 
advertising  and  sales  promotion,  cos- 
sldar  this  unique  and  aconemicsi  serv¬ 
ice  In  relation  to  your  product.  Datslls 
on  request. 


Capitol  Radio 
Engineering  Institute 


**Where 

Professional 

Radiomen 

Study** 


An  Accredited  Technical  Institute 

16th  and  Park  Rd.,  N.  W. 

Dept.  B-1 

Washington  10,  D.  C. 

^  Home  Study  and  Residence 

Courses  in  Practical  Radio- 
■  igW  Electronics  and  Television. 

Approved  for  Veteran  Training. 


Mc6riw-Hill  Publishiig  Co.,  Ik. 

DIRECT  MAIL  DIVISION 

330  West  42nd  St.,  New  York,  18.  N.  Y. 
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SEND  BLOEPKiNTS 
lO^ECinCATIONS 
NO  OBLI&ATiON! 


When  you  u«e  these  tough,  light¬ 
weight  and  inexpensive  parts, 
you  build  their  many  advantages 
into  your  own  product.  Fabri¬ 
cated  to  order,  BAER  FIBRE 
washers,  special  shapes,  terminal 
boards,  and  other  parts  are  ac¬ 
curately  and  uniformly  produced 
to  specification  in  any  quantity. 
Selection  of  grades  by  physical 
and  electrical  qualities,  permits 
application  to  a  wide  range  of 
operating  conditions  and  require¬ 
ments.  Investigate  now! 


UTERATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


FEATURES:  Mounting  area  minimized.  Vertical,  balanced 
armature.  Interchangeable  unit  contact  pile-ups.  Unus¬ 
ually  high  contact  pressures.  Shock  ond  vibration  resistant. 
Three  styles  of  assemblies:  1.  Octal  Base  and  removable 
cover.  2.  Octal  Base  and  hermetically  sealed  cover. 
3.  Header  type  container,  hermetically  sealed. 

A/m  furnished  with  multiple  pin  plugs  ter  more  than  eight 
circuits. 

Available  in  Series  63  —  Surface  Mounting  type  with 
removable  cover,  and  solder  terminals. 

Write  for  Bulletin  50-6 

Relays  •  Signals  •  Code  Call  •  (Interior)  FIRE  ALARM 
SYSTEMS  and  DEVICES  for  Coatrolling  Electrical  EquipnMnt 


tion  in  a  magazine  of  general  in¬ 
terest  and  circulation. 

Another  historical  step  in  this 
field  should  be  credited  to  Dr.  D. 
Gabor  of  the  British  Thomson- 
Houslon  Company  Research  Labora¬ 
tory  in  his  article  entitled  “Theory 
of  Communication”  in  the  Journal 
of  the  Institution  of  (British)  Elec¬ 
trical  Engineers  in  November  1946. 

Mr.  Wheeler  made  a  very  im¬ 
portant  point  in  his  discussion 
which  appears  to  have  been  lost  or 
overshadowed  by  the  proceedings 
of  the  evening.  He  pointed  out  that 
uncertainty  of  signal  location  due 
to  noise  should  not  be  dismissed  in 
that  simple  statement  wherein  one 
considers  only  the  rms  power  in  the 
noise  or  signal  plus  noise.  It  is  be¬ 
coming  increasingly  important  that 
the  engineer  have  available  in  engi¬ 
neering  form  (as  opposed  to  the 
mathematical),  means  of  dealing 
with  these  uncertainty  relation¬ 
ships. 

In  many  systems  it  may  be  pos¬ 
sible  to  take  a  calculated  risk  in 
operating  at  low  signal-noise  ratios 
where  this  uncertainty  sphere  is 
more  diffuse.  In  such  systems,  the 
engineer  must  have  available  the 
probabilities  that  noise  may  be  mis¬ 
taken  for  signals  or  that  signals  be 
missed  completely.  Mr.  Wheeler 
also  pointed  out  that  in  many  sim¬ 
ple  receiving  systems  the  noise 
power  N  was  related  to  the  band¬ 
width  of  the  ^ystem  W  by  well- 
known  relations. 

Dr.  Shannon  also  discussed 
briefly  the  significance  of  distortion 
as  a  warping  of  the  space  which 
might  in  theory  be  rewarped  by 
another  operation  to  achieve  its 
original  form.  This  is  also  a 
significant  point  as  it  relates  Hart¬ 
ley’s  discussion  of  intersymbol  in¬ 
terference  caused  by  circuit  decay 
or  distortion  to  Dr.  Shannon’s 
remarks. 

Herbert  Sherman 

Watson  Laboratories 
Air  Materiel  Command,  U.  8.  A.  F. 

Eatontoum,  N.  J. 

Parts  find  Patents 
Dear  Sms: 

Mr.  Maisel  of  Portland,  Ore. 
(Backtalk,  Jan.  1948)  says  “One 
problem  .  .  .  here  in  the  remote 
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CONSULTATION 

SERVICE 


FLUXES 


[  SODERING 
BRAZING  &  WELDING 

L.rtlKN  CO.INC.Ctiiioga  3!,lll 


WRITE  OR  PHONE 

CORONA 

94-52  Corono  Ave.,  Elmhurst,  N  Y.  Illinois  7-2777 


FINE  RIBBONS 
OF 

TUNGSTEN  and  MOLYBDENUM 
Oncdlty  oad  aceuraer  bi  our  labrteo- 
lion  oi  Tuaastoa  4  Molybdonnin  Bib- 
boas  hoTO  eaaroctorissd  our  sorrleo  to 
Otm  Doctroaic  iadustry. 

A  dorofopmoiH  o# 


ELECTRON  TUBE 
MACHINERY 
OF  ALL  TYPES 

STANDARD 
AND  SPECIAL 
DESIGN 


,H.  CROSS  Co 


MICROMETER 

FREQUENCY 

METER 


We  specializt  in 
Equipment  and  Methods 
for  the  manufacture  of 
RADIO  TUBES 

CATHODE  RAY  TUBES  s 

FLUORESCENT  LAAAPS  1 

INCANDESCENT  LAMPS 

NEON  TUBES 

PHOTO  CELLS 

X-RAY  TUBES 

GLASS  PRODUCTS 

Production  or  Laboratory  Basis 


CMeUsi 
TrasusHttr* 
frsM  100  Ks  ts  171  M*. 
wItlilR  0.01  p«r  Mst 

LAMPKIN  LABORATORIES,  INC. 

Bradenton,  Pin.,  U,  S.  A. 


WE  manufacture  a  complete  line  of  equipent 

SPOT  WELDKBS,  aleetrlc  from  U  to  SO  KVA  Ar*  atu 

TRANSFORMERS,  ipeclAl  and  standard  types  smiXDEI 

INCANDESCENT  LAMP  mannfacturlni  equipment 
FLUORESCENT  TUBE  MAKING  EQUIPMEOT  ' Sff  imr 

ELECTRONIC  EQUIPMENT,  racuum  pumps,  ete. 

WET  GLASS  SUCING  and  cutting  madilnes  for  laboratory  use 
GENERAL  GLASS  working  machines  aad  burners 
COLLEGE  GLASS  WORKING  units  for  students  aad  laboratory 
EISLER  ENGINEERING  CO. 

731  So.  I3tli  St.  (near  Avon  Avs.)  Nswark.  Nsur  J 


ISm**"****^^^  Specializing  in 
High  Voltage  Filament  and  Plate 


Trantformert  for  Electronic  Projects 


LET  US  DEVELOP  THAT  NEW  VACUUM  TUBE  FOR  YOU 

We  specialize  in  the  research,  developmcRt  and 
production  of  all  types  of  vacuum  tubes.  Laboratory 
or  Production  basis. 

ULLMAN  RESEARCH  CORPORATION 

Ullman  Buildine  Brooklyn  IS,  New  York 


This 

CONTACTS 

Section 


UMAN 
I  lories 


supplements  other  Advertising 
in  this  issue  with  these  tddi- 
tional  announcements  of  prod¬ 
ucts  essential  to  efficient  and 
economical  production  and 
maintenance.  Make  a  habit  of 
checking  this  page,  each  issue. 

Classified  Advertising  Division 

ELECTRONICS 


Hove  our  men  see  your  plant  and  tne- 
GMt  ELECTRONIC  EQUIPMENT  to  gave 
you  time  and  money  and  improve  yonr 
product.  Wo  will  DESIGN  and  BUILD 
controb  and  dovicos  at  turprblnaly  low 
cost. 

NO  JOB  TOO  BIG  NONE  TOO  SMALL 


FOR  SALE 

8 — Head  Stem  and  Electrode 
Making  Machine 

2-3  wooks  dolivory 
For  complete  details  contact: 

HAYDU  BROTHERS,  Manufacturara 

Plainfield,  Now  Jersey 
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Solve  Wire 
Stripping 
Problems  with 

"SPEEDEX" 

WIRE 

'  STRIPPER 

Tho  fsmsos  “Sossdax” 

with  7  lataralisssmSIa  b 
tizs  wirs  frsn  No.  •  ts  N< 
tool  in  tbo  Ikes.  Strin 
hooi^-eob  wirst  tss.  im 
tho  Job  b  dona.  Far  oaa 
wiraa.  Write  today  for 
troolo  srodoete. 

GENERALCE 

ROCKFORD,  ILLI 

WIro  Btrisfor  eooislolo 
ladoo  tor  ttrlpslas  ooy 
1.  30  will  bo  tho  baodloat 
SOO  to  1000  witst  sor 
It  prott  tbo  bandio  sad 

1  mb  talld  or  (traodri 
cataJos  af  3.000  aloe- 

MENT  MFQ.  CO. 

INOIS,  U.  S.  A. 

Atid  ;  i.it  -  imii  iiiant  h:  ;  :^un‘ 
the  prir.-.-y  purpose  erf  any 
-  lUdspoaker  is  t<>  cnrivey  itit;  I 
;U’,ence  aid  n.>I  just  make  ■ 

l.,ud  iioi  e  UNIVEKSITV 
li'udspeaker-,  with  the  hij;!'. 
esf  l  onver  s:?,T  efiieienev  'f  an\’ 
speaker  of  ;  oinp-arable  size 
not  only  yive  maximuni  lund 
■  nitput  with  rttininium  power 
■iiput  but  reiimduce  esoT\'  de- 
t  -il  and  nneetion  of  the  vou  ,- 
at  all  le\-  '  o  :m  a  whisper  ■  = 


A  JOB-RATED  SPEAKER 
FOR  EVERY  APPLICATION! 
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west  is  the  Ijick  of  the  latest  avail¬ 
able  components  .  a  challenge 
to  us  local  fellows  .  .  . 

The  implication  is  that  anyone 
who  lives  east  of  Chicago  has  only 
to  walk  to  the  corner  radio  store 
to  find  shelves  crammed  with  elec¬ 
tronic  rarities  —  subminiature 
tubes,  varistors,  butterfly  circuits, 
and  of  course  button  capacitors. 

I  have  been  doing  circuit  develop¬ 
ment  in  a  large  Government  labo¬ 
ratory  in  Washington,  D.  C.  for  sev¬ 
eral  years,  and  some  time  before 
that  lived  in  Los  Angeles.  Radio 
parts  are  definitely  less  available 
here  than  they  were  in  Los  Angeles. 
Washington  has  several  good  parts 
jobbers,  but  their  size  and  stocks 
are  modest  and  their  locations  in¬ 
convenient.  For  that  matter,  I  have 
seen  plenty  of  similar  places  in 
New  York  and  Chicago  that  weren’t 
so  hot  either. 

Personally,  I  buy  parts  by  mail 
order.  The  Laboratory  gets  com¬ 
ponents  from  sources  all  over  the 
country.  Unusual  items  are  often 
ordered  directly  from  the  manufac¬ 
turer. 

Any  material  that  is  not  regu¬ 
larly  bought  by  lots  of  radio  serv¬ 
icemen  and  amateurs  is  likely  to 
be  pretty  scarce  at  parts  dealers  in 
any  city,  no  matter  where  it  is.  A 
year  ago  the  mail  order  houses 
seemed  to  be  habitually  out  of  stock 
on  half  or  more  of  the  things  I 
ordered  (even  as  were  the  local 
dealers),  but  recently  I  have  had 
much  better  luck.  The  greater  dis¬ 
tances  in  the  west  make  for  higher 
parcel  post  charges,  of  course;  but 
gasoline,  bus  fare,  and  shoe  leather 
don’t  come  for  free  either. 

On  another  subject,  Mr.  Mere¬ 
dith’s  letter  (Backtalk,  Jan.  1948) 
shows  that  he  is  a  most  unusual 
patent  attorney.  In  my  four  years 
as  a  patent  examiner  I  encountered 
few  attorneys  who  didn’t  use  “elec¬ 
tron  discharge  device’’  when  they 
meant  tube.  One  reason  for  patent 
lingo  being  what  it  is,  is  the  neces¬ 
sity  for  broad  language  to  avoid  its 
being  interpreted  later  in  a  restric¬ 
tive  sense.  The  other  reason  is  that 
it  is  harder  to  write  up  a  case 
thoughtfully  than  it  is  to  just  let 
the  words  roll  out. 


Electric  Power 
Transmission 

By  M.  P.  Weinbach 


Very  thorough  explanations  of  the  the¬ 
ory  involved  and  the  mathematical 
methods  used  in  the  solution  of  trans¬ 
mission  problems,  with  special  atten¬ 
tion  to  factors  affecting  the  economy 
and  efficiency  of  service  such  as  main¬ 
tenance  hf  constant  voltage  at  system 
termini  and  the  causes  and  severity  of 
faults.  $5.50 


By  L.  G.  H.  Huxley 

The  first  of  a  series  of  books  on  modern 
radio  techniques  developed  largely  dur¬ 
ing  the  war  and  heretofore  not  fully 
divulged.  Both  the  theory  and  praai- 
cal  construction  of  wave  guides  as  used 
in  high-frequency  equipment  are  fully 
explained  here,  including  both  the 
British  and  American  experience.  $4.75 
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Fundamental 
Electronics  & 
Vacuum  Tubes 

By  A.  L.  Albert 
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A  new  revised  edition  of  a  widely  used 
text  and  engineering  reference  on  the 
principles  of  electronic  tubes  and  tube 
circuits,  methods  of  .analysis,  and  uses 
in  both  power  and  communication  en¬ 
gineering.  $6.00 
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#  W  #  and  useful  references 


An  Introduction  to  Electronics 

By  Hudson.  This  masterly  exposition  of  the 
modern  theories  underlying  electronics,  the 
construction  of  key  devices,  and  their  infinite 
number  of  uses  is  one  of  the  best  "introduc¬ 
tions”  ever  presented  on  this  subject.  $3.30 


Ultra -High -Frequency 
Radio  Engineering 

By  Emery,  A  practical  guide.  The  funda-' 
mentals  are  explained  in  clear,  simple  terms 
and  worked-out  examples  show  the  use  of 
principles  in  specific  design  problems  and  the 
prediction  of  circuit  performance.  $3.7$ 
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Important 

Advances 


Radiation 

Counter 

Tubes 


Unlimited  Life  •  Mica  Seals  Unaffected 
By  Wide  Temperature  Ranges  •  Low  Oper¬ 
ating  Voltages  •  Uniform  Characteristics 
Rugged  •  Smaller  •  Thin  Mica  Windows 


AMPEREX  End  Mka*Wbidow  types  of  the  Stainless 
Steel  variety  for  Alpha,  Beta,  Gamma  and  X>Ray 
counting 

e  Vacuum  teal  of  mica  to  cothodo— thereby  eliminating 
gatkets  or  organic  wax  seals,  with  their  resulting  defects 
and  inherent  limitations 

e  Uniform  characteristics  throughout  the  life  of  the  tube 
e  Mica  windows  of  uniform  thicicness 


AMPEREX  Gamma  Ray  counter  tubes  of  the  Copper 
Cathode  variety 

•  Sturdy  mechanical  construction  with  chemically  pure 
copper  cathode 

e  Uniform  characteristics  thraughout  the  life  of  the  tube 
e  Pure  tungsten  anode  held  in  position  by  unique  spring 
suspension  that  prevents  sag 

#  Stondard  cap  anode  terminals 


l3^xix.020 


7  mi  A 


100C 

BETA 


120C 

BETA 


NOTE:  All  tubrs  listed  have  a  dead  time  of  200  microseconds 


5.08  microns  .0005  in.  =  3.5  mg/cm^  =  12.70  microns  .0008  in.  =  6.6  mg/cm^  =  20.32  microns 


Also  Available,  TUBES  FOR  EXPERIMENTAL  AND  SPECIAL  APPLICATIONS 


Self-quenching  counters  with  operating  voltages  as  low  os  250  volts  .  .  . 

Temperature-free  counters  that  may  be  operated  in  the  range  from— 70°  C.  to  -|-120°  C  .  .  . 

Extra  large  volume  Cosmic  Ray  counters,  with  overall  lengths  of  42”  and  larger,  with  I.D  to  Sfi”  and 
larger  .  .  .  also  extra  small  End  Mica  Window  counters,  %"  diameter  by  1”  long  .  .  .  and  smaller 


AMPEREX  ELECTRONIC  CORP. 

2S  WASHINGTON  STREET,  IROOKIYN  1,  N.  Y. 
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CIRCULARLY  POLARIZED  ANTENNA . /r . Cover 

Combination  of  slotted  and  dipole  sections  designed  by  Carl  E.  Smith  of  United  Broodcasting  Company  (Photo  by. 

Harry  Miller) 

COMPACT  PROJECTION  TELEVISION  SYSTEM,  by  H.  G.  Beyle  and  E.  B.  Doll .  72 

Projection  box  using  2.S-inch  c-r  tube  with  pulse-type  h-v  power  supply  gives  12  x  16-inch  picture 

INDUSTRIAL  APPLICATIONS  OF  RADIOACTIVITY,  by  M.  Blau  and  J.  R.  Corlin.  . / .  78 

Details  of  representative  new  devices  using  radioactive  elements  for  detection,  measurement,  and  control 

R-F  BRIDGE  FOR  BROADCAST  STATIONS,  by  Fred  Schumann  and  Charles  Duke .  83 

Impedance-measuring  unit  contains  signal  generator,  bridge,  and  detector 

INSTANT-READING  DIRECTION  FINDER,  by  Paul  G.  Hansel .  86 

Balanced  modulators  control  goniometer  circuit  and  provide  c-r  tube  scanning  in  this  new  set 

THYRATRON  BRAKING  FOR  OIL  DRILLING  RIGS,  by  Rolph  L.  Jaeschke .  92 

Ruggedized  design  of  electronic  equipment  insures  reliable  performaiKe  under  field  conditions 

HIGH-ALTITUDE  TUBE,  by  Nicholas  Anton  and  Myron  Youdin  .  95 

Air  is  excluded  from  socket,  making  tube  ideal  for  industrial  as  well  as  aircraft  applications 

SQUELCH  CIRCUITS  FOR  F-M  RECEIVERS,  by  C.  W.  Carnahan  .  98 

Single  or  cascade  limiters  are  modified  to  provide  audio  cutoff  voltoge  in  absence  of  signal 

DESIGN  OF  PHANTASTRON  TIME  DELAY  CIRCUITS,  by  Richard  N.  Close  and  Matthew  T.  Lebenbaum . 100 

Wartime  circuit  is  now  widely  used  to  obtain  microsecond  time  deloys  that  vary  linearly  with  voltage 

BROADBAND  LENS  ANTENNA  FOR  MICROWAVES,  by  Winston  E.  Kock . 108 

Metal  pieces  distributed  like  atoms  in  large-scale  replicas  of  crystal  lattices  produce  focusing 

RUGGED  ELECTRON  TUBES,  by  Irwin  L.  Cherrick .  . Ill 

Changes  in  tube  construction  minimize  mechanical  failures  due  to  shock  and  vibration 

FILTER  CHARACTERISTICS  FOR  THE  DYNAMIC  NOISE  SUPPRESSOR,  by  Usiie  G.  McCracken . 114 

Analysis  of  networks  for  high  and  low-frequency  control  in  the  Scott  device 

NEW  THYRATRON  CIRCUIT  FOR  MOTOR  CONTROL,  by  J.  R.  Devoy . 116 

Simple  capocitor-charging  grid-control  circuit  vories  firing  points  of  thyratrons  feeding  d-c  motor 

WIDE-DEVIATION  REACTANCE  MODULATOR,  by  Harry  D.  Helfrich,  Jr . 120 

Cathode  follower  between  oscillator  and  reactance  tube  minimizes  shunting  effects 

ELEMENTS  OF  D-C  ANALOG  COMPUTERS,  by  G.  A.  Kern . 122 

Basic  circuits  and  auxiliary  components  for  solving  equations  electrically  are  outlined 

TELEPHONE  DIAL  TESTER,  by  George  E.  Beggs,  Jr.  and  E.  L.  Langberg  . 128 

Remote-control  dials  are  checked  for  speed  and  pulse  length  by  a  centrally  located  robot 

WORLD  POWER  LINE  DATA . 132 

Table  of  voltages  and  frequencies  available  for  powering  equipment  in  165  large  foreign  cities 
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^SP^ete  line  of  electricAl  indicating  instruments.  Marion  Glass- 
to-Metal,  Truly  Hermetically  Sealed  Instruments  are  a 
p  '  feature  of  our.  standard  line  ,  .  .  cost  no  more  than  most 
>’  unsealed  meters  . .  .  are  100%  guaranteed. 
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MARION’S  '^SPECIAL'  SALESMAN 
WINS  ANOTHER  CLIENT  .  .  . 


IBuilds  CONSUMER  CONFIDENCE  In 
ijRadio  Wave’s  Precision  Permanent 

A  MarioiA‘*special”  gives  the  Radio  Wave  is  connected  in  series  with  elec- 

Precision  P«manent  the  critical  accuracy  that  trodes  that  transmit  variations  in  electrical 

brings  consiApntly  fine  results  .  .  .  constantly  resistance  occurring  inside  the  cortex  of  the 

expanding  sales  .  .  .  unqualified  consumer  con-  hair  to  the  Marion  Meter  which  indicates  the 

fidence.  %  change  .  .  .  reveals  the  correct  waving  time  for 

Prospective  ^customers  can  see  the  Marion  perfect  results. 

“special”  indiAte  when  the  chemical .  change  The  Marion  “special”  has  contributed  im- 

in  the  hair  has  ^ached  the  point  where  optimum  measurably  to  the  extensive  consumer  accept- 

results  may  be  Obtained  from  this  revolutionary  ance  Radio  Wave  is  enjoying.  Let  Marion 

permanent  wave  machine.  “specials”  give  your  product  the  type  of  critical 

The  “special’^  Marion  Meter  designed  for  accuracy  that  builds  consumer  confidence. 

_  MARION  ^SPECIALS"  SOLVE  YOUR  INSTRUMENT  PROBLEM 

.  *  1  Marion  “special”  instruments  incorporate  the  same  high 

QUICKLY* ••  quality  of  materials  and  precision  workmanship  common  to 

.fc  j  the  standard  line  of  Marion  Meters  . . .  your  assurance  special 

order  jobs  produced  by  Marion  will  give  the  utmost  in  satis- 
- j - -  - faction,  service  and  value. 
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